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THE  SCOPE  OF  ENGINEERING  IN  CANADA. 

R.  W.  LEONARD,  C.E. 

Mr.  Chairman  and  (jentlenien, — I  esteem  it  an  honcr  to 
have  been  requested  by  the  President  of  your  Engineering 
Society  to  address  you  on  some  engineering  subject  of  my  own 
selection,  and  in  a  rash  moment  I  consented,  not  reaHzing  at  the 
time  that  your  Society  eml:)raced  men  of  Avide  experience  in  the 
many  fields  of  engineering"  since  graduating  from  one  of  the 
foremost  technical  schools  in  America. 

Since  realizing  the  gravity  of  the  situation  and  balancing  it 
up  with  my  natural  aversion  for  hard  work,  I  have  decided  to 
give  a  Aery  general  short  address  on  engineering  in  which  the 
points  dealt  with  may  be  very  stale  and  uninteresting  to  the 
seniors,  but  may  be  of  some  value  to  the  younger  members  who 
are  the  only  ones  I  can  hope  to  influence,  as  I  am  not  long  out 
of  the  ranks  of  juniors  myself,  having  had  very  little  experience 
in  some  essential  matters — particularly,  as  you  will  observe,  in 
making  addresses  in  public. 

In  this  connection  I  may  ex])ress  my  admiration  of  the 
teaching  of  the  art  of  public  speaking  which  is  now  given  gen- 
erally in  some  of  our  colleges.  In  my  day  at  college,  this  was 
neglected  and  the  result  is  that  I  have  several  times  envied  the 
assurance  and  ability  displayed  by  youngsters  of  fourteen  years 
in  public  speaking.  This  is  an  important  matter  for  an  educated 
man  in  any  walk  of  life  that  he  may  be  able  in  ])ublic  to  express 
his  thoughts  logically,  clearly,  and  concisely,  and  with  the  con- 
fidence that  comes  of  practice. 

An  engineer,  according  to  the  dictionary,  is  one  who  uses  or 
has  to  do  with  the  construction  of  engines  or  machines:  or  of 
works  in  which  machinery  is  extensively  employed.  He  is  also 
sometimes  defined  as  one  who  utilizes  the  forces  of  nature  frr 
the  benefit  of  man.  Someone  whose  energies  were  mostly  di- 
rected toward  railway  location,  construction  and  maintenance, 
has  defined  an  engineer  as  '"a  man  who  can  make  a  dollar  do  the 
most  work.'"  This  last  is  a  definition  not  to  be  despised  as  the 
financial   result   is   rme   of  the   most   important   measures  of  the 
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success  of  all  ciifjineerin^  ])n)hlcms.  and  any  man  who  cannot 
carry  out  his  work  satisfactorily  in  this  re^^arci  will  not  be  con- 
sidered by  his  employer  as  a  successful  enj^ineer.  On  the  other 
hand,  where  a  reasonable  expenditure  will  ])lace  the  success  of 
a  work  beyond  peradyenture.  the  expense  must  not  be  spared. 

Adyancing  civilization  has  so  complicated  man's  require- 
ments and  multiplied  the  field  of  endeavor  of  the  man  whose 
])rofession  of  old  was  confined  in  the  army  to  the  handling  of 
artillery,  and  in  civil  life  to  the  construction  of  roads,  bridges, 
buildings,  and  steam  engines,  that  perha])s  a  good  definition  to- 
day of  an  engineer  would  be  "a  man  who  does  things." 

F>y  the  way,  the  Ancient  Romans  designated  the  chief  of 
the  highest  members  of  their  great  colleges  of  priests,  Pontifex 
Maximus,  or  the  Chief  Bridge  Builder,  from  which  we  get  the 
word  Pontiff,  all  of  which  shows  the  early  connection  between 
the  church  and  the  civil  engineer,  and  is  only  another  proof  of 
its  antiquity,  respectability,  and  honor  of  the  profession,  and 
exjilains  the  affinity  of  engineers  to  the  church  which  is  so  con- 
spicuous to  this  day. 

All  this  raises  the  question  if  the  French  name  ""Ingineur," 
s|)elt  with  an  I.  and  probably  related  to  our  word  "Ingenuity," 
would  not  be  a  more  appropriate  designation  for  our  profession. 
This  is  a  suggestion  which  I  leave  to  some  of  you  who  know 
something  of  philology. 

Reverting  to  the  financial  definition  of  the  term  engineer, 
and  assuming  its  correctness  in  many  branches  of  the  profession, 
ihen.  an  engineer's  education  is  not  complete  until  the  engineer 
has  had  experience  in  executing  the  work  as  well  as  in  the 
])lanning  of  it,  and  the  measurement  of  it  as  done.  In  my  opinion 
therefore,  a  young  civil  engineer  who  intends  to  specialize  in 
])ublic  works,  such  as  railway,  canal,  or  dock  work,  should  take 
one  contract  for  the  purpose  of  learning  the  '"practical"  part  of 
the  work — what  the  dollar  is  worth  in  labor  and  material,  and 
how  to  use  it  to  best  advantage.  He  may  lose  money,  but  he 
will  gain  more  valuable  experience.  My  first  appreciation  of 
this  practical  knowledge  was  acquired  through  observing  a  suc- 
cessful contractor  timing  with  his  watch  the  trips  the  teams 
were  making  with  the  wheel  scrapers,  and  figuring  the  cost  of 
moving  the  earth  per  cubic  yard  therefrom. 

Xow,  as  my  remarks  apply  to  the  junidrs  of  the  iirofession, 
I  will  venture  upon  some  advice  based  on  my  limited  experi- 
ence, notwithstanding  my  familiarity  with  the  saying  that  "ad- 
vice is  w-orthless,  as  the  wise  man  does  not  need  it.  and  the  fool 
won't  take  it."  One  of  the  first  things  necessary  to  success  in 
life  is  a  lull  a])]>rcciati<in  of  the  value  of  "law.  order,  duty  and 
restraint,  obedience,  discipline."  as  Kipling  puts  it.  in  other 
words,  executive  ability.  These  are  not  taught  or  practised  in 
all  colleges,  and  more's  the  pity  for  the  chances  of  success  in 
after-life  for  the  students.     These  can  best  be  acquired  through 
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military  training  which  is  well  worth  your  while,  for  these  rea- 
sons alone.  What  a  common  experience  it  is  to  find  a  well- 
educated  technical  man  absolutely  unqualified  to  direct  the  oper- 
ations of  half  a  dozen  men  !  Cidtivate  a  spirit  of  absolute  loyalty 
to  your  superiors,  speaking-  of  them  and  to  them  respectfully  on 
all  occasions  with  deference  to  their  opinions.  Require  the  same 
deference  from  your  subordinates  while  on  duty  and  this  is  best 
taught  by  your  own  example.  Be  equally  loyal  to  vour  sub- 
ordinates, pa}ing  attention  to  their  suggestions  and  recom- 
mendations, and  giving  them  due  credit  when  you  find  their 
advice  worthy  of  adoption.  This  brings  out  their  hearty  co- 
operation and  insures  their  interest  in  the  work.  The  advan- 
tage of  such  co-operation  is  apparent  if  one  thinks  of  how  little 
he  alone  can  do  and  how  much  he  is  dependent  ujion  the  detail 
work  of  his  assistants. 

AMien  given  an  opportunity  to  reorganize  and  carry  on  a 
wijrk  started  by  another,  don't  make  radical  changes  too  quick- 
ly. Better  continue  in  the  old  methods  for  a  little  w^hile.  even 
if  ap])arenth'  faulty,  mitil  you  have  ample  time  to  fully  grasp 
the  situation,  and  then  make  changes  one  at  a  time,  using  the 
men  and  materials  on  the  work  so  far  as  possible. 

Learn  to  judge  men  and  their  ability  from  personal  observa- 
tion rather  than  from  written  references,  and  if  an  assistant  is 
not  a  success  in  the  work  you  have  set  him  to,  try  him  in  some 
other  department,  if  he  be  a  desirable  character.  By  so  doing 
you  will  get  a  staft'  abottt  you  whose  capacities  are  known  and 
on  whom  vou  can  relv.  This  is  on  the  old  principle  that  "  'Tis 
better  to  h\c  with  the  de\'ils  you  know  than  to  go  to  the  devils 
you  don't  know  ." 

Of  course,  no  one  man  can  get  a  thorough  education  in 
college  in  all  the  branches  of  the  profession,  including  mechanics, 
mining,  metallurgv,  chemistry,  electricity,  hydraulics  and  sani- 
tarv  engineering — as  it  would  take  a  life-time. 

There  is  a  general  ground  work  common  to  all,  however, 
that  can  be  acquired  at  college,  and  the  actual  education  in  any 
one  branch  must  be  obtained  by  the  student  after  leaving  college 
through  experience  and  close  study.  This-  remark  is  intended 
to  chasten  any  youngster  who  has  just  got  his  degree  and  who 
might  therefore  consider  himself  full}-  qualified  to  teach  his 
maternal  ancestor  the  noble  art  of  sucking  eggs.  Please  do  not 
infer  from  this  that  all  the  older  members  of  the  profession  are 
"erannies."  as  f  am  too  nearlv  graduating  into  their  ranks  to 
make  such  a  suggestion. 

Though  that  "tendency  of  some  graduates  is  not  to  be  com- 
mended, engineers  need  to  have  much  self-confidence,  and  be  pre- 
pared in  this  voung  country  to  take  hold  of  any  work  in  any 
branch  of  the  profession  that  may  present  itself,  and  must  have 
the  courage  to  take  the  responsil^ility  of  that  work  and  to  carry 
it  thn^juyh  to  success. 
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A  lew  years  ago  in  Canada,  ci\  il  engineering"  meant  railway 
or  canal  surveys  and  construction,  and  some  water  supply  and 
sewage  works,  and  the  profession  consisted  of  a  very  small  but 
select  company  of  men,  who  set  the  pattern  of  loyalty  to  em- 
ployers, of  industry  and  integrity  to  the  latter  generation  that 
the  civil  engineers  in  Canada  to-day  are  proud  to  acknowledge 
and  to  emulate. 

I  remember  being  one  of  only  three  candidates  for  matricvt- 
lation  in  the  faculty  of  Applied  Science  at  McGill.  and  I  dropped 
out  for  want  of  necessary  funds  to  take  the  course.  Now  the 
students  in  Applied  Science  in  Canadian  colleges  are  numbered 
by  the  hundreds  and  the  Can.  Soc.  C.E.  enrolls  about  1,400  cor- 
porate members,  and  one  of  our  ablest  engineers  estimates  that 
"it  requires  the  expenditiu-e  of  $150,000,000.00  per  anniun  on 
engineering  works  to  keep  us  all  em]:)loyed  and  give  us  a  moder- 
ate   remuneration." "And   we   cannot   expect   the 

long  continuance  of  the  expenditvu'e  of  capital  for  engineering 
works  which  is  required  to  keep  us  all  going." 

If  the  saying  attributed  to  one  of  our  foremost  statesmen 
that  "The  20th  centur}-  belongs  to  Canada,"  and  I  believe  it  does 
in  the  sense  of  a  vast  increase  in  population,  wealth  and  im- 
portance, then  surely  this  increase  is  to  be  effected  through  the 
agency  of  "the  men  who  do  things"  or  the  engineers,  and  in  my 
mind,  there  can  be  no  over])roduction  of  engineers  provided 
they  be  w'ell  equipped  by  a  proper  training  along  the  broad  lines 
of  engineering"  suggested. 

We  must  bear  in  mind  that  the  opening  U]i  and  developing 
of  a  new  country  Avith  its  consequent  requirements  in  public 
works  and  industries  of  all  sorts  is  not  effected  by  the  lawyers 
and  the  ph3-sicians  (important  as  these  professions  may  he), 
and  we  must  see  to  it  that  our  educational  institutions  are  kept 
alive  to  the  requirements  of  modern  civilization,  the  necessary 
education  for  which  is  no  longer  crystallized  in  ancient  books 
written  in  the  dead  languages. 

To  my  mind  this  means  that  many  of  you  must  be  pre- 
pared to  take  up  mining,  metallurgical,  electro-chemical,  and 
other  industries  which  are  best  managed  by  the  educated  en- 
gineer, and  that  there  is  ample  work  for  an  immense  number 
of  men  educated  along  the  lines  indicated  in  Canada.  Consider 
our  advance  in  mining  alone.  The  mineral  production  of  Can- 
ada in  1886  was  v$io,22T,255  ;  1896,  $22,474,256;  1906,  $79,057,308; 
1909,  $90,415,763,  or  $T2  per  capita,  as  against  $2.23  per  capita 
in  i88fi — and  we  have  just  begun. 

Northern  Ontario  and  Quebec  have  scarcely  been  glanced 
at  as  yet  by  the  pros])ectors.  yet  you  are  all  familiar  with  the 
fact  that  Ontario  produces  the  bulk  of  the  world's  nickel  and 
about  12  per  cent,  of  the  world's  siher  and  much  of  its  corun- 
dum and  mica.     Quebec  produces  most  oi  the  world's  asbestos. 

Our  itrairies  and  British  Columbia  contain  the  coal  that  is 
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essential  for  the  existence  of  the  popnlation  flowing-  in  there, 
and  for  the  North  A\'estern  United  States. 

We  have  many  hnndreds  of  miles  of  the  same  rockv  moun- 
tains that  have  produced  all  the  fabulous  wealth  in  silver,  gold 
and  copper,  in  South  America,  Mexico,  and  the  Western  T'nited 
States.  In  Canada  the  development  ot"  these  undoubted  mineral 
resources  is  comparatively  slow,  owing"  to  climatic  conditions 
in  winter  and  the  general  distribution  of  forest  growth  owinsr 
to  the  moister  climate — meaning  so  much  greater  things  for 
the  ultimate  welfare  of  the  country. 

Here  we  see  forest  growth  and  forestry  entering  into  the 
domain  of  engineering  and  raising  the  question  of  how  nearly 
allied  is  the  science  of  forestry  and  the  conservation  of  other 
natural  resources  to  our  profession.  Here  are  a  few  figures  to 
measure  the  question  l\v :  In  1887  I  built  a  large  coal-loading 
wharf  in  Xova  Scotia,  the  hemlock  timber  for  which  cost  $4.50 
per  1. 000  feet  B.]\I..  sawn  in  bridge  sizes. and  loaded  on  cars. 
It  had  been  cut  down  for  the  tan  bark,  a  part  of  what  would 
otherwise  have  rotted  in  the  woods  was  utilized  for  the  wharf. 
The  present  price  of  such  timber  there  would  probably  be  $20 
per  1. 000.  About  1891.  in  Parry  Sound  District,  white  pine  hewn 
to  railway  Ijridge  sizes  Avas  delivered  at  the  site  of  the  struc- 
tures for  37-50  per  i.ooo  feet  B.M.  During  the  past  two  years 
nearly  all  the  timber  of  the  same  sizes  required  for  the  mining 
buildings  in  Cobalt  has  been  brought  from  British  Columbia  at 
a  cost  of  about  $2"/  per  i.ooo. 

The  "inexhaustable"  pine  forests  of  Canada  are  of  the  past 
as  our  other  forests  will  shortly  be  if  we  do  not  take  extraordin- 
ary precautions  towards  conserving  and  replanting  them.  A 
recent  fishing  trip  in  the  northern  ]>ortion  of  Ouebec  impressed 
me  with  the  importance  of  the  work  being  done  in  this  respect 
by  our  professional  ancestors,  the  beavers.  They  have  been 
protected  there  for  some  years,  and  have  increased  until  they 
are  very  numerous  and  have  flooded  every  old-time  dry  beaver 
meadow  and  raised  the  level  of  every  ])ond  and  small  lake  from 
two  to  four  feet.  In  the  aggregate  this  must  have  an  important 
effect  in  checking  forest  fires  and  conserving  and  regulating  the 
flow  of  water  in  the  rivers,  and  benefiting  the  conditions  desir- 
able for  the  operation  of  water  powers. 

Coincident  with  the  increased  cost  of  timber  we  find  a  de- 
crease in  the  cost  of  Portland  cement  of  much  superior  quality 
which  is  rapidly  taking  the  place  of  timber  in  many  structures. 

When  reinforced  with  steel  we  get  a  most  important  new 
building  material,  the  proper  use  of  which  is  an  art  almost 
worthy  of  forming  a  separate  branch  oi  Civil  Engineering. 

Concrete  is  beginning  to  be  used  in  ship-building.  Barges 
of  reinforced  concrete  are  said  to  be  in  use  in  Euroi)e.  and  it 
is  said  that  one  is  being  <"  -.gned  to  be  built  in  Ontario.  It 
would  appear  that  the  desi;  n  .nust  be  very  simi)le.  or  the  cost 
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for  tinil)er  forms  will  be  excessive.  The  economical  use  of  lum- 
ber for  forms  for  concrete  structures  and  the  design  of  struc- 
tures to  this  end.  forms  a  subject  well  worth  much  more  atten- 
tion than  has  generall}-  been  given  it  to  date. 

To  return  to  this  very  important  subject  of  transportation, 
which  a  few  years  ago  engaged  almost  solelv  the  engineering 
skill   in   Canada. 

beginning  about  a  century  ago.  the  ra|)i(ls  of  the  St.  Law- 
rence were  canalized  for  small  boats,  and  a  similar  canal  was 
built  at  the  Sault  by  the  Hudson  Ba}-  Company.  Then  followed 
continuous  enlargements,  the  construction  of  the  W'elland  Canal 
begun  earh'  last  century  by  private  enterprise  and  afterwards 
enlarged  by  the  Dominion  Government,  until  Canada  has  trans- 
portation facilities  for  ships  of  over  2,000  t(»ns  carrying  capacitA' 
through  the  greatest  canal  system  in  the  world  right  from  the 
Atlantic  to  the  head  of  Lake  Superior  ecjually  free  to  ships  of 
all  nations. 

During  the  ])ast  few  years  the  Dominion  (iovernment  has 
had  surveys  made  of  the  proposed  Ottawa  ship  canal  'to  take 
ocean  ships  from  ]^Iontreal  up  the  Ottawa  and  Mattawa  Rivers 
to  North  Bay,  and  down  the  French  River  to  Lake  Huron,  at 
an  estimated  cost  of  over  $100,000,000.  It  would  appear  to  me 
that  this  should  be  the  next  large  national  public  work  to  be 
undertaken  so  soon  as  the  country  has  the  Xational  Transcon- 
tinental Railway  completed  and  satisfactorily  financed.  Its 
construction  will  be  warranted  as  a  transportation  route,  to  say 
nothing  of  the  value  of  the  water  powers  to  be  developed  there- 
by, and  its  value  for  defence  purposes.  As  a  comparison,  con- 
sider the  cost  to  the  State  of  New  York  of  $150,000,000  for  the 
enlargement  of  the  Erie  Canal  to  carrv  barges  of  t.ooo  tons  only 
from  I'.ultalo  to  Troy. 

Our  western  countrv  is  greater  and  of  more  \alue.  I  believe, 
than  that  of  the  L'nited  States. 

hi  railwav  work  the  Grand  Trunk  was  the  pioneer  and 
ser\  ed  the  southerly  portions  of  Ontario  and  Quebec  exclusively 
for  many  years.  Then  followed  the  Intercolonial,  forming  a  bond 
of  union  with  the  ^laritime  Provinces,  thus  making  possible 
the  consolidation  of  the  Easterly  Provinces  within  one  Dominion. 

One  of  the  terms  of  the  Confederation  of  r)ritish  Columbia 
with  the  Dominion  was  the  early  construction  of  the  Canadian 
Pacific  Railway,  which  had  been  started  as  a  government  meas- 
ure in  the  seventies.  The  Canadian  Pacific  Railway  represented 
bv  a  svndicate  of  leading  Canadians,  undertook  the  work  early 
in  the  eighties,  and  in  a  remarkably  short  space  of  time,  com- 
pleted the  laying  of  the  rails  to  the  Pacific  in  1885,  at  a  time 
when  many  of  the  peoj^le  of  this  country  declared  it  would  never 
earn  enough  money  to  pay  for  grease  for  the  axles.  T  was  on 
the  construction  of  that  road  north  of  Lake  Superior  when  the 
"svndicate"  had  exhausted  its  means,  and  for  about  six  months 
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we,  the  engineers,  got  no  pay.  Now  the  earnings  of  this,  the 
greatest  railway  system  in  tlie  ^\(lrld  under  one  management,  is 
close  to  $2,000,000  per  week. 

Now  the  National  Transcontinental  Railway  is  heing  con- 
structed, duplicating  (^ur  railway  transportation  facilities  from 
Moncton.  N.B.,  to  the  Pacific,  at  a  distance  to  the  north  of  the 
Grand  Trunk  and  Canadian  Pacific  through  Ontario  and  Quebec 
that  is  giving  that  part  of  Canada  a  width  from  north  to  south 
undreamed  of  a  feAv  years  ago. 

The  Canadian  Northern  Railway  is  another  road  which  in 
a  few  years  will  be  a  third  transcontinental  highway  for  Canada, 
the  country  that  2^  years  ago  was  estimated  by  many  of  our 
people  as  being  unable  to  pay  for  grease  for  the  wheels  of  one. 
At  that  time  many  of  our  people  were  leaning  strongly  towards 
"commercial  union"'  or  "annexation"  with  the  United  States  as 
our  onW  salvation  from  financial  ruin. 

I  have  been  reading  "The  \'alour  of  Ignorance,"  b}-  Major- 
General  Homer  Lee  of  the  U.  S.  Army  until  I  am  almost  a  be- 
liever in  annexation  myself,  the  annexation  of  the  United  States 
to  Canada.     Read  the  book,  it  will  repay  you. 

This  Canadian  Northern  Railway  is  being  built  by  two  Can- 
adians who  started  in  life  without  any  special  educational  or 
other  advantages  than  industry,  any  amount  of  pluck  and  an 
abiding  faith  in  the  future  of  this  country.  Now  they  are  prob- 
ably the  greatest  railway  owners  in  the  world,  and  bid  fair  in 
a,  few  years  to  own  as  a  partnership  of  two  a  complete  trans- 
continental railway  of  several  thousands'of  miles,  to  say  nothing 
of  their  other  enormous  interests,  street  railway,  mines,  steam- 
ships, and  other  engineering  works. 

In  water  power  development  Canada  ranks  almost  first  with 
nearly  a  half-million  horse-power  developed  or  being  developed 
in  the  Niagara  District  alone.  Consider  the  value  of  this  to  the 
territory  served  by  this  power  by  comparing  its  cost  at,  say.  an 
average  of  $25  per  horse-power  per  year,  for  24-hour  service  to 
the  consumer  as  against  the  cheapest  other  available  power,  the 
gas  engine  at.  say,  $30  per  year,  or  the  steam  engine  at  any 
price  from  $75  per  year  to  $150  per  horse-power  per  year. 

In  1893  I  had  charge  of  the  construction  of  a  very  large  (at 
that  time)  hydro-electric  plant  at  Niagara  Falls.  Ontario,  for 
the  Park  &  River  Railway  Company.  We  developed  2,000  horse- 
power and  the  best  electrical  authorities  advised  that  it  was 
cheaper  to  put  in  and  operate  a  steam  engine  and  generator  at 
Oueenston  to  operate  cars  on  that  grade,  12  miles  from  the 
power-house  at  the  Falls,  than  to  convey  the  current  from  the 
main  power-house,  ft  was  put  in  and  operated  for  some  years. 
Now  we  see  that  same  power  being  carried  a  couple  of  hundred 
miles  at  1 10.000  volts.     Have  we  reached  the  limit? 

Well,  the  subject  of  engineering  is  so  wide  and  Canada  is 
so  big  and  so   full   of  opportunities  for  any  one  who  is  indus- 
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triuus  that  were  I  twitted  as  a  si)eaker  I  could  continue  along  this 
strain  till  you  are  all  asleep. 

However,  I  will  close  witii  aiinihcr  word  of  ^varning": 

U'e  are  rapidly  acquiring  much  desiral^le  national  wealth 
and  are  no  longer  a  small  number  of  p(»or  people  struggling  for 
a  bare  existence  along  a  northcrl}-  fringe  of  the  United  States, 
as  we  were  a  few  years  ago. 

As  our  national  wealth  increases  and  our  importance  is 
recognized  by  other  nations,  we  become  more  subject  to  the 
envy  of  those  countries  in  Europe,  Asia,  or  America,  whose 
populations  are  sufficiently  dense  to  desire  room  for  expansion, 
and  we  must  therefore  be  prepared  to  defend  our  property  unless 
we  are  content  to  become  a  conquered  people  subject  to  laws 
and  customs  which  are  alien. 

This  may  seem  to  many  of  you  as  far-fetched  or  exaggerated 
.Again,  I  advise  you  read  "The  Valour  of  Ignorance,"  by  Homer 
Lee. 

Let  me  call  your  attention  to  the  words  of  Mr.  L.  S.  Amery, 
Colonial  Editor  of  the  London  Times  in  an  address  at  the  Can- 
adian Military  Institute  the  other  day. 

"We  do  not,"  he  said,  "consider  the  work  of  the  sanitary 
engineer  or  the  physician  in  defending  the  community  or  the 
individual  against  disease  as  unproductive  or  unnecessary,  or 
the  work  of  the  teacher  in  defending  the  child  against  ignorance, 
or  that  of  the  clergyman  in  defending  his  people  against  im- 
morality, or  of  the  lawyer  in  defending  his  client  against  imposi- 
tion and  injustice,  as  'unproductive  and  unnecessary  work. 
Neither  should  we  consider  the  work  of  the  nation  in  providing 
munitions  of  war  or  the  work  of  the  soldier  in  preparing  himself 
by  study  and  training  to  defend  his  home  and  country  as  un- 
productive work.  All  these  are  essential  to  national  existence 
and  to  national  development." 

He  believes  that  it  was  the  duty  of  ever}-  able-bodied  citizen 
to  prepare  himself  to  defend  his  country.  "A  nation  that  looks 
after  the  ph)^sical,  intellectual  and  moral  development  of  its 
people  bv  means  of  the  necessary  military  training  Avill  solve 
all  of  its  Other  problems.  Its  industrial  and  commercial  efficiency 
will  be  enhanced  because  of  the  patriotism  and  capabilities  of 
its  trained  manhood.  Perhaps  a  few  people  say  that  Canada 
has  no  need  for  a  defence  force,  that  Great  P)ritain  will  defend 
this  country,  or  this  nation  can  lean  on  the  L'nited  States;  sure- 
ly Canada  does  not  desire  to  be  a  j)arasitic  nation.  vShe  does 
not,  and  will  not,  v.'ish  to  lean  on  an^^one." 

Some  men  who  have  not  studied  the  subject  have  declared 
that  Canada  need  not  bother  about  means  of  defence,  as  the 
United  States  with  her  "Munroe  Doctrine"  will  protect  us. 

As  Homer  Lee  points  out,  "In  the  time  of  ]\Iunroe,  it  was 
impossible  to  foresee  the  changes  mechanical  inventions  were  to 
make  in  the  political  development  of  the  world  after  his  time. 
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No  longer,  as  in  Alnnroe's  time,  does  a  vast  Atlantic  sejjarate 
this  continent  from  Europe.  Man's  ingenuit)'-  has  reduced  it  to 
a  small  stream,  across  which  the  fleets  of  European  powers  can 
cross  in  less  time  than  it  took  Munroe  to  post  from  ^^'ashing•ton 
to  Boston." 

He  speaks  in  the  same  strain  of  the  Pacific  Ocean,  and 
points  out  the  imminent  danger  of  a  Japanese  concpiest  of  the 
^^  estern  United  States,  owing  to  the  absolute  commercialistn  of 
our  neighbors  to  the  south,  and  their  neglect  to  take  the  neces- 
sary precautions  of  defence. 

Asstuning"  that  some  military  and  naval  fi:)rce  be  necessary 
to  the  existence  and  welfare  of  this  country,  we  live  in  a  too 
democratic  age  to  permit  a  small  ninnber  of  our  men  who  are 
sufficiently  patriotic  to  spend  their  time,  means,  and  possibly 
their  life's  blood  to  defend  the  others  who  sit  at  home  in  ease 
and- — for  a  small  price  paid  in  taxes — enjoy  the  privileg'e  of  read- 
ing these  things  in  the  daily  papers. 

I  do  not  w^onder  at  the  agitation  for  woman  sufl:rage.  Have 
they  not  as  much  right  to  vote  as  their  brothers  who  refuse  to 
take  a  man's  part  in  being  trained  for  the  defence  of  their  fire- 
sides? 

Apart  from  all  military  considerations,  every  engineer  who 
may  have  to  do  with  organization  of  forces  of  men,  or  of  a  staiT 
to  direct  any  operations  in  the  engineering  profession,  will  find 
that  the  discipline  Avhich  can  be  learned  only  in  military  life  gives 
a  very  important  advantage  over  his  competitor  who  has  neglect- 
ed his  opportunities  along  this  line. 

I  know  many  will  say  "There  is  no  time.  All  the  time  we 
can  s])are  from  study  is  taken  up  in  music,  or  football,  or  cricket, 
or  the  gymnasium."  These  are  all  good,  but  to  my  mind,  they 
do  not  compare  with  the  military  training  which  is  as  important 
as  mathematics. 

I  am  pleased  to  know  that  the  University  has  one  military 
organization,  a  field  company  of  Engineers,  which  trains  about 
one  hundred  men. 

W'e  should  have  every  man  in  the  University  who  is  physi- 
cally fit  enrolled  and  given  the  opportunity  of  learning  to  obey 
before  he  is  called  upon  to  command  and  of  obtaining  the  first 
principles  of  a  training  that  will  fit  him  to  help  to  defend  when 
necessary  this  Canada  of  ours,  and  to  keep  it  for  all  time  a  part 
of  the  greatest  empire  the  world  has  seen. 

You  may  find,  as  do  most  engineers  who  stick  to  the  purely 
professional  side  of  the  work,  that  the  prizes  in  the  profession 
are  few  and  not  very  large  when  compared  with  responsibilities 
and  the  labor:  but  when  all  is  balanced  up,  you  will  be  able  to 
say  you  have  lived  a  man's  life  among  men,  and  have  done  some- 
thing that  has  left  its  mark  on  the  development  of  your  coun- 
try, and  have  been  of  service  to  vour  fellowmen. 
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NOTES  ON    THE    ELECTRO-METALLURGY    OF    IRON 

AND  STEEL. 
T.  R.  LOLDOX,  B.A.    Sc.  A.  M.  Can.  Soc.  C.  E. 

.Mthougfh  the  electric  furnace  ha.s  been  used  in  the  metal- 
lurgical industry  for  a  considerable  period  of  time,  it  is  only 
within  recent  years  that  it  has  been  possible  to  successfully 
produce  pig  iron  and  steel  on  a  commercial  scale.  At  the  present 
day.  the  problem  of  mere  mechanical  operation  seems  to  have 
been  solved,  so  that  it  is  only  a  question  of  efBciency  and  cost  of 
electric  energy  as  compared  to  ordinary  fuels  that  determines 
the  commercial  value  of  the  electro-thermic  process  for  any 
given  locality. 

It  will  be  the  endeavor  in  this  article  to  explain  concisely 
the  working  of  a  few  of  the  different  furnaces  used  in  the  elec- 
tro-thermic reduction  of  iron  ore  and  the  subsequent  production 
of  steel.  It  is.  of  course,  understood  that  the  accompanying  draw- 
ings are  extremely  diagramatic.  They  will,  however,  serve  very 
well  the  purpose  of  illustrating  the  theory  embodied  in  each 
process.  Should  the  reader  care  to  go  more  fully  into  the  ques- 
tion, there  will  be  found  throughout  this  article  reference  num- 
bers, the  key  to  which  is  given  at  the  end. 

Before  discussing  the  various  processes,  it  is  extremeh-  im- 
portant to  understand  the  part  that  electrical  energy  plays  in  the 
production  of  either  pig  iron  or  steel.  In  the  ordinary  process 
of  smelting,  the  ore.  together  with  limestone  and  coke,  is 
dumped  into  the  blast  furnace,  and  as  the  result  of  certain  chem- 
ical reactions  that  take  place,  pig  iron  is  produced.  Stated  in  as 
simple  a  manner  as  possible,  the  hot  coke  at  the  lower  levels  in 
the  furnace  meets  a  blast  of  air,  and  the  ultimate  result  is  that 
there  is  a  formation  of  carbon  monoxide  gas.  This  gas,  together 
with  the  carbon  of  the  coke,  reduces  the  iron  from  the  ore.  Now 
it  is  a  matter  of  common  knowledge  that  it  would  be  impossible 
to  bring  about  this  reduction  of  the  iron  if  the  process  were  not 
carried  on  at  a  high  temperature,  and  in  order  to  attain  this  tem- 
perature, a  certain  percentage  of  the  coke  in  a  blast  furnace  is 
there  for  the  purpose  of  producing  heat.  So  then  it  is  seen  that 
the  coke  is  present  for  two  definite  purposes:  (i)  To  provide 
an  agent  with  which  to  reduce  the  iron  from  its  ore  (2)  as  a 
source  of  heat.  It  is  for  this  last  purpose  that  electric  energ\-  is 
used:  i.e.,  as  a  source  of  heat. 

Working  on  the  basis  that  the  requisite  heat  is  to  be  sup- 
plied by  electrical  means,  if  the  cost  of  electrical  energy  re- 
quired to  give  the  same  amount  of  heat  as  a  ton  of  coke  be 
figured  out.  it  will  be  found  that  the  price  of  coal  for  coking 
would  have  to  be  extremely  high,  and  electric  power  very  low 
before  one  could  ever  hope  to  replace  the  former  with  the  latter. 
This  calculation,  however,  takes     no  account  of  the  fact     that 
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electric  furnaces  are  far  more  efficient  in  their  utilization  of  heat 
than  furnaces  using-  ordinary  fuels.  When  these  efficiencies  are 
taken  into  consideration,  it  is  found,  roughly  speaking,  that 
with  electrical  power  costing  ten  dollars  per  electrical  horse- 
power per  }ear,  and  coal  at  about  eight  dollars  per  ton,  the  elec- 
tric reduction  furnace  may  compete  successful!}-  with  the  ordin- 
ary blast  furnace.  These  figures  are,  of  course,  the  extremes  in 
cost,  but  there  are  many  localities  where  such  conditions  exist. 
(Reference  Xo.  i  and  2). 

As  in  the  making  of  pig  iron,  so  with  the  processes  for  mak- 
ing steel  :  the  electric  current  is  the  means  of  providing  heat. 
The  ordinar}-  furnaces  for  making  steel,  however,  are  far  less 
efficient  in  their  utilization  of  heat  than  the  blast  furnace,  so  that 
the  electric  steel  furnace  with  its  high  efficiency  is  able  to  com- 
pete with  some  of  the  other  processes  under  the  ordinarv  com- 
mercial conditions.  This  is  especially  true  where  the  electro- 
thermic  process  is  used  in  conjunction  with  the  ordinary  pro- 
cesses. 

Electro-Thermic  Reduction  of  Iron  Ore, 

Roughly  speaking,  the  reduction  furnaces  in  use  at  the  pre- 
sent time  may  be  divided  into  two  classes ;  those  with  vertical 
electrodes  embedded  in  the  charge ;  and  those  with  the  elec- 
trodes projecting  into  a  crucible  at  the  lower  part  of  the  fur- 
nace. Both  of  these  types  are  known  as  "resistance  furnaces," 
dtie  to  the  fact  that  the  heat  is  generated  by  the  resistance  offer- 
ed to  the  passag-e  of  the  current  through  the  charge. 

The  simplest  form  of  furnace  is  that  shown  in  Fig. i.  The 
carbon  electrode  A  is  suspended  by  some  regulating-  device  in 


the  charge  of  r)re.  coke  and  limestone.  The  crucible  walls  and 
the  hearth  are  made  of  a  carbon  paste,  in  which  is  embedded  a 
second  electrical  connection,  C.  If.  now.  the  circuit  be  closed, 
the  current  in  passing  from  A  to  B,  or  vice  versa,  will,  owing  to 
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tilt'  hiij^h  resistance  of  the  intervening  charge,  develop  the  neces- 
sar\-  heat  recjuisite  to  attain  the  desired  temperature. 

A  furnace  of  this  type  was  successfully  used  in  the  experi- 
ments carried  on  at  Sault  Ste.  Marie  by  the  Canadian  govern- 
ment under  the  direction  of  Dr.  Haanel.  While  these  experi- 
ments were  entirely  satisfactory,  it  was  pointed  out  on  their 
completion  that  there  would  have  to  be  some  modifications  made 
in  order  to  allow  the  charge  to  feed  regularly  and  to  utilize  the 
gases  as  they  escape  from  the  top  of  the  furnace.  An  attempt 
was  made  at  the  time  to  make  use  of  these  gases  by  introducing 
an  air  jet  into  the  charge  near  the  top,  thus  burning  the  gases, 
but  it  was  found  that  the  charge  became  sticky,  and  was  inclined 
to  "hang" — a  very  bad  fault.     (Reference  No.  3). 

Fig.  2  represents  a  type  known  as  the  Keller  furnace,  in- 
vented by  Mr.  C.  A.  Keller  of  France.  A  and  B  are  two  carbon 
electrodes.  Embedded  in  some  conducting  material  in  the  hearth 
are  two  electrodes,  C  and  D,  connected  together  as  shown.  To 
begin  operations,  A  and  B  are  lowered  and  the  charge  packed 
around  them.  At  first,  the  path  of  the  current  will  be  from  A 
down  the  charge,  across  from  C  to  D  and  up  the  charge  to  B, 
or  vice  versa.  As  soon  as  the  iron  covers  the  hearth,  however, 
the  current  instead  of  passing  around  the  shtint  from  C  to  D, 
as  described,  will  take  a  path  through  the  molten  metal,  thus 
tending  to  keep  it  warm.  Sometimes,  though,  the  bath  may  cool 
at  the  centre.  If  this  occurs,  the  auxiliary  electrode  E  is  brought 
into  play  by  closing  F,  part  of  the  current  then  passing  through 
the  central  ]:>ortion  of  the  bath,  giving  a  greater  intensity  in  that 
locality. 

This  furnace  may  be  built  with  a  plurality  of  hearths,  as  in- 
dicated at  L,  Fig.  2,  each  of  the  small  squares  representing  a 
stack  with  its  vertical  electrode.  By  this  arrangement  the  elec- 
trodes may  be  arranged  in  pairs  in  parallel  if  so  wished,  thereby 
giving  a  l^etter  system  for  regulation.  (References  Xos.  4 
and  5.) 

Leaving  for  the  time  being  the  discussion  of  these  vertical 
electrode  types,  there  are  shown  in  Figs.  3  and  4  two  furnaces  of 
the  second  class  indicated  previously. 

Fig.  3  shows  diagramatically  the  construction  of  a  furnace 
which  is  the  outcome  of  a  number  of  experiments  carried  on  at 
Domnorfvet,  Sweden,  by  Messrs.  Gronwall,  Lindblad  and  Stal- 
hane.  A  numl^er  of  different  furnace  shapes  were  tried  until 
finally  tlie  construction  indicated  in  Fig.  3  was  arrived  at. 

rile  upper  portion  of  the  furnace  is  in  appearance  very  much 
the  same  as  an  ordinary  blast  furnace.  This  shaft  is  built  on  a 
large  crucible  or  melting  chamber,  B,  projecting  through  the 
roof  of  which  are  three  electrodes,  one  being  shown  at  A.  At 
the  top  of  the  shaft,  there  is,  of  course,  a  cover  with  a  charging 
bell  \er\-  much  the  same  as  on  the  present-da\-  l)last  furnace. 
The  gases  coming  off  the  charge  at  the  top  are  led  out  at  C  to 
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a  dust  catcher.  D.     Cleansed  to  a  certain     degree,     this  gas  is 
blown  bv  means  of  a  blower.  E,  back  into  the  crucible  at  F. 

It  will  be  noticed  that  the  tuyeres  by  means  of  which  the 
o-as  is  blown  into  the  crucible  slant  upward.  This  is  for  the  pur- 
pose of  allowing  the  gas  to  impinge  against  the  crucible  roof, 
thereby  coolingh.  This  does  not  in  any  way  lower  the  efficiency 
of  the  furnace,  the  heat  absorbed  by  the  gas  in  cooling  the  roof. 
beino-  given  back  to  the  charge  as  the  gas  flows  upward  again. 
Indeed  it  would  appear  to  be  a  great  factor  in  raising  the  effi- 
ciency since  the  heat  absorbed  by  this  gas  in  the  crucible  would 
have  otherwise  been  most  likelv  lost  by  radiation.     The  tuyeres 


(three  in  number)  by  means  of  Avhich  this  operation  is  perform- 
ed, have  peep-holes,  as  shown  at  L.  so  that  the  operator  may 
judge  the  roof  temperature,  and  accordingly  regulate  his  jets 
of  gas. 

In  this  process  there  are  no  electrodes  embedded  in  the 
walls  of  the  furnace,  the  current  passing  between  the  three  pro- 
jecting carbons,  thus  giving  intense  heat  in  the  crucible. 

The  Frick  furnace,  shown  at  Fig.  4,  is  somewhat  similar  in 
construction  to  the  last  furnace.  A  vertical  shaft  is  superim- 
posed upon  a  crucible,  and  through  the  roof  of  this  lower  melt- 
ing chamber  there  project  two  vertical  carbon  electrodes,  one  of 
which  is  shown  at  A.  These  electrodes  are  suspended  in  casings 
or  shafts,  shown  by  hea\y  lines  at  BB. 

The  distinguishing  feature  of  this  furnace  is  the  fact  that 
the  electrodes  are  packed  around  loosely  with  a  reducing  agent 
such  as  coke  or  charcoal.  This  coke  or  charcoal  forms  a  protect- 
ing laver  around  the  portion  of  the  electrode  in  the  crucible,  and 
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also  inlerveiics  lietwcen  the  electrode  and  the  charge  as  indicat- 
ed. (The  dotted  lines  represent  the  slope  nf  the  charge  as  it 
works  down  from  the  shaft). 

The  purpose  of  providing  this  covering  of  coke  or  charcoal, 
as  the  case  mav  be,  is  to  protect  the  electrodes  from  being-  oxi- 
dized awav.  It  can  readily  be  seen  that  the  carbon  of  the  elec- 
trode would  itself  be  oxidized  if  there  should  happen  to  be 
quantities  of  ore  around  the  electrode.  The  reducing  agent, 
h(iwe\er,  protects  the  electrodes  from  being  oxidized  by  enter- 
ing into  the  reactions  itself,  and  also  since  there  is  an  interven- 
ing layer  between  the  electrode  and  charge,  there  will  be  far 
less  wear  on  the  electrode,  as  the  charge  slides  down. 

There  is  also  ])rovision  made  in  the  furnace  to  carry  the  gas 
frnm  the  top  and  blow  it  back  into  the  crucible  if  it  is  so  desired. 
(  References  6  and  7). 

Electric  Steel  Furnaces. 

Furnaces  in  which  the  refining  action  necessary  for  the  pro- 
duction of  steel  may  be  carried  on  can  be  divided  into  two 
classes:  (i)  Induction  Furnaces;  (2)  Arc  Furnaces.  Tlie  latter 
class  can  be  sub-divided  into  furnaces  in  which  the  arc  is  form- 
ed ])et\veen  the  electrodes  abo\-e  the  bath  :  and  those  in  which 
the  arc  is  between  the  electrodes  and  the  bath. 

l-\nMiaces  of  the  induction  type  are  constructed  in  such  a 
manner  as  to  make  use  of  a  well-known  electrical  principle 
which  may  be  stated  to  suit  this  particular  purpose  as  follows : 
If  an  alternating  current  be  passed  through  a  coil  of  wire  known 
as  the  primary  coil,  and  if  there  be  surrounding  this  coil  a  second 


Section  A3 


indejjendent  coil,  there  will  be  induced  in  this  secondary  coil,  as 
it  is  called,  an  independent  alternating  current.  In  order  to  in- 
tensify this  efifect  it  is  usual  to  wind  the  primary  coil  around  an 
iron  core. 

I-'ig.  5  represents  two  sections  of  one  of  these  induction  fur- 
naces. At  D  and  H  are  two  coils  of  wire  wound  on  an  iron  core. 
E.    Surrounding  this  core  is  a  circular  channel,  sections  of  which 
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are  shown  at  CC.  If  a  horizontal  section.  AB.  be  taken,  the 
channel  will  appear  as  at  C.  surrounding  the  core  E'.  (Alerely 
half  of  this  section  is  shown). 

If  now  the  channel  CC  be  filled  with  a  charge  of  molten  iron, 
there  will  be  formed  arotmd  the  core  and  coils  DD  a  closed  coil 
of  one  turn  :  so  that  if  an  alternating  current  be  passed  through 
the  coils  DD.  there  will  be  indticed  in  the  molten  metal  another 
independent  current.  It  is  this  induced  secondary  current  that 
furnishes  the  heat  in  the  charge  forming  the  ring  CC. 

There  are  a  number  of  these  induction  furnaces  being  used 
for  the  manufacture  of  high  qualit\'  steel.  The  particttlar  t}pe 
shown  diagramatically  in  Fig.  5  is  known  as  the  Frick  ftirnace  ; 
but  there  are  several  other  types,  outstanding  among  which  are 
the  Kjellin  and  Rochling-Rodenhauser.  In  the  Kjellin  furnace, 
there  is  merely  one  long  vertical  coil  around  the  core  instead  of 
the  two  flat  coils  as  in  Fig-.  5.  There  are,  of  course,  other  dif- 
ferences, but  the  explanation  given  for  Fig.  5  wall  appl}-  to  the 
Kjellin  furnace,  \\hich  has  a  channel  around  the  primarA-  coil 
for  the  charge.     (References  5  and  11). 

The  Rochling-Rodenhauser  furnace,  while  it  is  of  the  induc- 
tion type,  has  a  feature  which  is  extremely  novel.  This  furnace 
may  be  said  to  have  two  secondar}-  currents,  one  of  which  is 
the  usual  current  induced  in  the  ring  of  metal  as  explained  be- 
fore. The  other  current  has  its  source  as  follows  :  Around  the 
primary  coil  is  placed  a  secondary  wire  v^^inding,  the  terminals 
of  which  are  led  to  electrodes  embedded  in  the  walls  of  the  chan- 
nel for  the  metal.  Thus  there  is  indticed  in  this  secondary  wind- 
ing a  separate  current,  which  in  passing  through  the  bath  of 
metal  adds  to  the  heating  effect  of  the  current  already  induced 
in  the  ring  of  metal  itself. 

Unfortunately,  it  is  impossible  in  such  a  synopsis  to  go  more 
completely  into  the  details  of  these  furnaces,  but  there  will  be 
found  in  References  5,  7  and  8  al:)undant  information  regarding 
the  three  types  mentioned. 

Passing  to  the  arc  furnaces,  at  Fig.  6  there  is  illustrated  the 
principle  of  the  Stassano  furnace.  Projecting  through  the  walls 
of  the  furnace  are  three  electrodes,  as  shown  in  the  cross  section. 
Between  these  carbons  is  formed  an  arc.  A,  the  heat  from  which 
is  radiated  to  the  bath  of  molten  metal  ?>.  The  furnace,  which  is 
inclined,  is  gi\en  a  rotary  motion  about  its  upright  axis,  thus 
causing  a  stirring  of  the  charge.  The  regulation  of  temperature 
in  such  a  furnace  is  under  vevy  easy  control.  (  References  5 
and  9). 

Considering  next  furnaces  in  which  the  arc  is  formed  be- 
tween the  electrodes  and  the  bath,  there  are  two  types  which 
seem  to  stand  out  ])re-eminently.  viz..  the  Heroult  and  the 
Girod  furnaces,  the  ])rinciples  embodied  in  both  being  easily  ex- 
plained. 

Fig.  7  illustrates  the  method  n\  making  steel  in  the  Ilerf)ult 
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furnace.  Suspended  through  the  roof  of  the  furnace  are  the  elec- 
trodes A  and  B.  The  charge  Hes  on  the  hearth  and  these  elec- 
trodes are  lowered  till  an  arc  forms  between  them  and  the  bath. 
The  current  passes  down  one  electrode,  arcs  to  the  bath,  goes 
through  the  bath,  arcs  to  the  other  electrode,  and  out  again. 

The  upper  cross  section,  Fig.  7,  merely  shows  diagramatic- 
allv  that  the  furnace  is  so  constructed  to  allow  it  to  be  tilted  for- 
ward when  the  charge  is  to  be  withdrawn.  The  electrodes  are 
held  in  position  by  braces  attached  to  the  furnace  as  indicated. 
(Reference  5). 

The  Girod  furnace,  while  it  is  in  outward  appearance  very 
much   the  same  as  the  Heroult,  differs  from  it  in  this  respect. 


Embedded  in  the  hearth  of  the  furnace  are  suitable  electrodes, 
and  the  current,  instead  of  passing  in  and  out  from  the  top  car- 
bons as  in  the  Heroult  furnace,  has  a  path  from  the  upper  elec- 
trode, or  electrodes,  through  the  bath  to  the  connections  in  the 
bottom  of  the  furnace.  Thus  instead  of  the  upper  carbons  being 
in  series,  as  in  the  Heroult  system,  they  are  in  parallel.  In 
actual  operation,  the  current  in  the  Heroult  furnace  passes 
along  the  slag,  thus  providing  a  very  hot  blanket  as  it  were.  In 
the  Girod  system,  the  current  in  passing  through  the  bath  itself 
gives,  it  is  claimed,  a  method  more  suited  to  working  from  a  cold 
charge.  As  against  this  is  the  counter-claim  that  furnaces  with 
electrodes  embedded  in  the  hearth  arc  troublesome  to  repair.  P)e 
all  this  as  it  may.  there  is  the  incontrovertible  fact  that  both 
systems  are  now  in  extensive  use.  (See  reference  10). 

In  conclusion,  it  is  interesting  to  note  that     not  only     are 
these  steel  furnaces  being  used  to     displace  the  old     inefficient 
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crucible  steel  plants,  but  there  are  notable  examples  where  the 
larger  fields  ha\e  been  entered.  Quite  recently  the  Prussian 
state  railways  have  been  buying-  rails  from  a  firm  manufactur- 
ing- steel  by  the  Rochling-Rodenhauser  system.  These  rails 
when  tested  chemically  and  physically  were  of  a  much  hig-her 
standard  than  the  specifications  called  for.  In  the  United  States 
the  Illinois  Steel  Company  has  lately  been  refining  molten  steel 
from  the  acid  Bessemer  process  by  means  of  a  Heroult  furnace. 
There  are  also  other  instances  where  the  electric  furnace  is  be- 
ing* used  in  combination  with  either  the  Bessemer  or  Open 
Hearth  processes  as  will  be  seen  in  Reference  lo. 

In  Reference  lo.  there  will  be  found  a  tabulated  list  of  steel 
furnaces  in  use  throughout  the  world.  It  will  be  noticed  that  in 
most  cases  alternating-  current  is  used — mostly  single  phase — 
althiiugh  direct  current  is  sometimes  used.  The  reduction  fur- 
nace>  described  use  aii  alternating-  current 

As  to  the  actual  working-  of  these  electric  furnace  processes, 
it  may  be  pointed  out  that  the  regulation  of  the  metalloids  in 
the  desired  metal  follows  the  theory  of  the  ordinary  processes, 
the  main  diflr'erence  being  that  it  is  possible  to  maintain  very 
much  more  basic  slag. 

SUMMARY. 

The  advantages  of  the  electric  furnaces,  reduction  and  refin- 
ing, may  be  stated  as  follows  : 

I — Efficient  production  of  heat. 

2 — -Ease  of  regulation  as  regards  temperature. 

3 — On  account  of  the  high  temperatures  attainable,  it  is 
possible  to  maintain  a  very  basic  slag. 

4 — Absence  of  injurious  gases  in  steel  working  processes. 

5 — The  possibility  of  using  charcoal  as  a  reducing  agent  for 
making  pig  iron. 

KEY  TO  REFERENCE  NUMBERS. 

Xo.  I — The  Electric  Eurnace.  Its  Evolution.  Theory  and 
Practice   (Alfred  Stansfield). 

This  book  contains  a  very  concise  and  clear  outline  of  the 
historical  de\'elopment  of  the  electric  furnace.  There  will  be 
found  in  it  a  discussion  of  the  relati\-e  costs  of  electric  energ-)^ 
and  fuel  for  producing  heat. 

'  hi  page  250.  vol.  13,  of  the  Canadian  Engineer  will  also  be 
found  a  discussion  of  these  relative  costs  by  the  same  author. 

2 — "Metallurgical  Calculation."  vol.  i  (J.  A\'.  Richards). 

The  methods  outlined  in  this  book  are  extremely  good. 

3 — Report  on  experiments  at  Sault  Ste.  Marie.  TO07  (Eugene 
Haanel). 

These  experiments  were  carried  on  by  the  Canadian  gov- 
ernment. 
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4 — Application  of  the  Electric  Furnace  in  ^fetallnrgv  (A. 
Keller). 

Journal  of  Iron  and  Steel  Institute.  1903.  vol.  i.  page  I'^i. 

5 — Report  of  the  Commission  appointed  to  investigate  elec- 
tro-thermic i)rocespes  of  smelting  iron  ore  and  making  of  steel 
( Eugene  Ilaanel). 

I'his  is  the  most  comprehensive  report  ever  made  on  electric 
processes  up  to  1904.  and  is  even  yet  invaluable. 

6 — Investigation  of  an  electric  shaft  furnace.  Sweden 
'  Haanel). 

7 — Recent  advances  in  the  construction  of  electric  furnaces, 
etc.  (Haanel). 

The  last  two  reports  published  by  the  Canadian  government 
are  verv  complete. 

8 — Electro-chemical  and  metallurgical  industry,  vol.  •>.  pages 
10  and  458. 

Good  descriptions  of  the  Rochling-Rodenhauser  furnace  and 
its  operation. 

9 — Same  periodical  as  8.  vol.  6.  page  315.  This  is  an  exhaust- 
ive article  by  the  inventor  of  the  Stassano  furnace. 

10 — Stahl   and   Eisen.   March  23.   1910,  page  491. 

This  gives  a  tabulated  list  of  furnaces  in  use.  See  also  Xo. 
7  for  same  thing. 

II — -A  description  of  a  Kjellin  furnace  will  be  found  mi  page 
397  of  vol.  3.  journal  of  Iron  and  Steel  Institute. 


PROSPECTING  IN  THE  COBALT  DISTRICT. 

H.  L.  BATTEX.  "ii. 

Prospecting"  covers  a  great  manv  operations,  friini  the 
search  for.  and  staking-  of  claims,  to  actual  mining  work  under- 
ground. This  paper  does  not  deal  with  the  search  for  claims, 
but  is  an  attempt  to  give  some  idea  of  the  work  to  be  perform- 
ed after  the  claim  is  staked,  for  the  purpose  of  determining- 
the  value  of  the  property,  position  and  value  of  veins,  etc.  We 
are  still  left  with  surface  prospecting  and  underground  work 
to  be  considered,  as  both  have  to  be  performed  in  practically 
all  cases  before  a  property  may  rightly  be  called  a  mine.  There 
can  be  no  doubt  that  a  thorough  prospecting  of  the  surface  be- 
fore commencing  mining  operations  is  of  the  utmost  importance. 
and  should  be  taken  seriously.  In  spite  of  this  fact  there  are 
quite  a  numl)er  of  properties  around  Cobalt  and  South  I^orraine 
with  a  shaft  down  loo  feet  or  more  on  a  one-inch  vein  of  calcite 
carrying  no  \-alues.  while  not  a  sho\-elful  of  dirt  has  been  moved 
on  the  other  parts  of  the  property.  The  crv  is.  "\\'e  have  no 
money  to  spend  on  the  surface,  and  l)esides.  all  the  veins  do  not 
show  on  the  surface."  This  is  no  doubt  true,  to  a  certain  extent, 
but  if  we  try  to  make  out  a  list  of  paying  mines  around  Cobalt 
that  had  no  showings  on  the  siu'face.  we  shall  find  there  are  very 
lew. 

Again,  a  great  number  of  the  properties  that  are  supposed  to 
liave  been  prospected  have  never  been  prospected  thoroughly. 
The  work  has  been  done  in  a  haphazard  manner  l)^■  the  original 
owners,  or  bv  men  hired  bv  them,  as  assessment  w(^rk.  The  idea 
has  been  to  put  in  so  many  day's  work,  and  no  successful  ])ros- 
pecting  can  be  carried  out  in  this  manner.  For  the  work  to  be 
thorough,  some  system  must  be  adopted,  not  necessaril}-  to  he 
blindly  followed,  without  modifications,  but  to  serve  as  a  guide. 
Unless  some  method  is  adopted,  trenching  will  not  have  progress- 
ed very  far  before  the  question  "where  to  put  the  next  trench" 
will  arise.  Again,  if  the  positions  of  the  trenches  be  determined 
before  work  commences,  it  will  probably  soon  be  found  that  a 
trench  could  be  run,  with  much  less  work,  a  few  feet  to  one  side, 
and  be  of  equal  \alue  for  prospecting  purposes. 

The  idea  of  surface  work  is  to  lay  bare  the  bed  rock,  so  that 
it  can  be  examined.  This  is  usually  clone  by  digging  parallel  and 
perpendicular  trenches,  thus  dividing  the  property  into  a  number 
of  squares  or  rectangles.  The  flistance  between  the  trenches 
must  be  determined  by  the  circumstances.  The  closer  the  trench- 
es the  less  likelihood  of  veins  being  missed,  but  a  great  number 
of  things  have  to  be  considered.  If  the  surface  covering  is  deep 
it  may  not  be  advisable  to  run  trenches  less  than  200  feet  apart 
on  account  of  the  expense.  (  )n  the  other  hand,  the  Xi])issing 
Mines  intend  to  remr)\-e  all  the  surface  covering  In-  hydraulicing. 
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It  is  obvious!)'  impossible  to  lay  down  an}-  rules,  as  the  distance 
])ct\veen  trenches  must  be  determined  only  after  considering  all 
the  circumstances ;  but  on  most  properties  probably  about  60 
feet  apart  would  be  a  suitable  distance.  The  distance  apart  will 
probably  not  be  the  same  all  over  the  propert}-.  It  may  be  found 
after  putting  down  a  few  trenches  that,  while  part  of  the  property 
should  be  prospected  ver}^  carefully,  the  remainder  may  not  show 
indications  of  being  worth  going  to  much  expense  over.  Xo  hard 
and  fast  rules  can  be  laid  down. 

As  regards  the  direction  of  trenches,  the  usual  way  is  to  run 
north  and  south,  and  east  and  west  trenches.  When  no  veins 
are  known  on  the  property,  and  the  surrounding  properties  have 
not  been  prospected,  these  directions  are  as  good  as  any.  and  are 
most  convenient.  However,  it  is  a  somewhat  generally  accept- 
ed rule  that  veins  in  proximity  to  each  other  are  likely  to  be 
approximately  parallel.  The  best  direction,  therefore,  to  run  the 
first  trench  is  perpendicular  to  a  vein  that  has  already  been  un- 
covered. There  is  almost  sure  to  be  such  a  vein,  marked  by  a 
discovery  post,  and  a  start  should  be  made  at  that  vein.  On  a 
propertv  prospected  by  the  writer  this  last  summer,  one  vein 
was  known  before  commencing*  to  prospect,  striking  approxi- 
mately north  and  south.  By  running  trenches  perpendicular  to 
this  vein  four  others  were  uncovered,  their  strikes  varying  from 
north  and  south  to  north  50  degrees  east.  Thus  the  strike  of  a 
vein  probably  is  an  indication  as  to  how  nearly  veins  may  be  ex- 
pected to  run  :  but  veins  are  extremely  erratic,  and  are  almost  as 
likely  to  be  found  running  in  au}^  other  direction. 

The  first  thing  to  be  done  in  prospecting  a  property  is  to 
find  out  everything  possible  about  it ;  assuming,  of  course,  that 
everything  possible  has  already  been  found  out  about  the  com- 
pany working  it.  The  boundary  lines  should  be  carefully  andj 
clearly  marked  out  or  a  great  deal  of  time  will  be  wasted  hunting 
up  corner  posts.  The  whole  property  should  be  gone  over  care- 
fully, in  company  with  a  man  who  knows  the  ground,  if  possible. 
If  time  permits,  a  rough  sketch  map  should  be  made,  showing 
the  relative  positions  of  any  veins  that  may  be  known,  outcrop- 
ping rock,  swamps,  or  other  places  diflficult  to  prospect,  and  as 
much  of  the  geology  as  can  be  determined.  If  the  timber  has 
becii  cleared  of¥.  this  work  should  not  take  long,  but  if  the  bush 
is  tiiic!'  a  week  probably  can  be  profitably  spent  in 'this  manner. 

ll  is  ]iecessary  to  be  fairly  well  acquainted  with  the  properly 
before  deciding  on  the  best  way  even  to  start  prospecting,  cr 
where  to  start,  so  that  the  work  may  be  put  in  to  the  best  advan- 
tage. A  little  care  and  forethought  can  save  money  in  prospect- 
ing as  in  everything  else,  and  no  start  should  l)e  made  until  the 
whole  claim  has  been  carefully  examined.  There  is  always  some 
doubt  where  to  make  a  start.  If  the  vein  on  which  the  discov- 
ery was  made  has  not  beci  stripped,  three  or     four  men   (not 
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more  than  four  men  can  work  to  advantage,  stripping-  a  vein  that 
has  been  uncovered  in  only  one  place),  should  be  put  on  this  job 
while  the  claim  is  being  examined.  This  vein  should  be  stripped 
for  a  sufficient  distance  to  give  a  good  idea  of  its  value.  If  the 
indications  are  promising,  it  (and  all  the  veins)  should  be  strip- 
ped as  far  as  it  can  be  followed.  However,  as  soon  as  the  ap- 
proximate strike  has  been  determined,  more  men  can  be  taken 
on  and  a  trench  started  perpendicular  to  the  vein  ;  or  approxi- 
matel}-  so. 

The  property  will  probably  be  divided  naturally  into  several 
sections.  The  goal  to  be  aimed  at  is  to  show  results  in  the  short- 
est possible  time,  and  work  should  therefore  first  be  done  where 
the  indications  are  best :  or  if  there  are  no  indications  worth  con- 
sidering, a  start  should  be  made  where  the  most  bed  rock  can 
be  stripped  in  a  day.  The  section  containing  the  vein  should 
be  the  first  to  be  prospected,  and  an  attempt  must  be  made  to 
pick  up  any  parallel  veins  there  may  be. 

Contacts  must  be  considered.  If  diabase  outcrops  in  one 
place  and  Keewatin  rocks  in  another,  they  should  be  joined 
by  trenches,  and  the  contact  located.  The  reason  for  this  is  that 
there  is  a  likelihood  of  veins  occurring  at  or  near  the  contact. 
In  the  case  of  the  five  parallel  veins  referred  to  previously,  the 
first  was  at  the  contact  of  diabase  and  conglomerate,  while  the 
other  four  were  all  within  250  feet  of  the  contact. 

In  working  o^•er  the  ground  in  sections  however,  care  must 
be  taken  not  to  lose  sight  of  the  general  method  which  has  been 
adopted.  Before  the  work  is  complete  the  trenches  in  the  differ- 
ent sections  have  to  be  connected  up,  so  that  each  trench  runs 
from  one  boundary  line  to  the  line  opposite.  This  may  not  be 
possible  on  account  of  a  swamp  or  drift  too  deep  to  make  trench- 
ing practicable,  but  should  be  carried  out  whenever  possible. 

Where  heavy  trenching  is  encountered  it  should  be  left  un- 
til all  the  light  work  has  been  done,  unless  there  is  some  special 
reason  why  it  is  desirable  to  put  down  a  trench  in  that  particular 
place.  A\'hen  to  leave  a  trench  Ctemporarily,  of  course),  is  a 
matter  of  judgment.  As  a  general  rule  it  may  be  said  that  all 
trenches  requiring  timbering  should  be  left  till  the  lighter  work 
is  finished.  In  the  spring  no  attempt  should  be  made  to  put 
down  wet  trenches — it  is  almost  hopeless  to  try  and  make  sure 
of  missing  no  veins  and  yet  make  good  progress  with  wet  trench- 
es. Also,  it  is  impossible  to  make  good  footage  with  heavy  or 
wet  work,  and  it  is  most  important  to  make  a  good  showing  at 
the  start. 

Before  settling  down  to  prospect  thoroughl}*.  section  by  sec- 
tion, the  whole  claim  should  be  gone  o\-er  by  running  a  few  pre- 
liminary trenches.  This  is  especially  advisable  if  outcropping 
rock  be  scarce.  As  accurate  a  map  as  possible  should  then  be 
made,  and  on  this  map  everything  that  is  known  should  be 
marked.     This  map  should  be  carefully  made  and  br(^ught  up  to 
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date  at  least  at  every  month-end.  The  positions  of  all  trenches 
shonld  be  accurately  shown,  and  the  positions  of  all  veins  and 
test-pit  marked.  \Vhen  a  few  trenches  have  been  put  in.  the 
lopooraphv  should  be  sketched  in.  and  the  elevations  r)f  all  im- 
j)ortant  points  shown.  The  onl}-  instruments  required  are  a 
compass  and  chain,  and  an  aneroid  barometer,  for  obtaining-  the 
relative  elevations.  This  map  is  useful  for  several  purposes.  It 
can  be  seen  at  a  glance  what  ground  has  been  prospected  and 
what  remains  to  be  worked,  and  the  required  positions  of  trench- 
es to  connect  with  trenches  already  dug  can  be  determined.  If 
the  bush  is  thick  these  cannot  be  lined  in  by  sight.  Also  reports 
<»n  the  progress  made  are  greatly  simplified  by  the  possession  of 
such  a  map.  .A  tracing  can  be  made  each  month-end.  wit'h 
each  month's  work  shown  in  different  colors,  and  handed  in 
with  a  short  description  of  any  discoveries  made.  Such  a  report 
conveys  more  information  and  creates  a  better  impression  than 
a  lengthy  \vritten  account  of  the  work  performed. 

There  are  a  few  points  to  be  noticed  reg'arding  the  details 
of  the  work,  and  one  of  these  is  the  best  widths  for  trenches.  It 
must  be  remembered  that  a  slight  increase  in  the  width  of 
trenches  means  a  considerable  increase  in  the  amount  of  dirt  to 
be  shovelled.  Economv  therefore,  demands  a  narrow  trench. 
In  a  narrow  trench,  however,  it  is  very  difficult  to  clean  off'  the 
bed  rock  thoroughly.  Three  feet  in  widtli  should  probably  be 
considered  a  minimum,  and  this  width  is  sufficient  only  for 
trenches  up  to  about  three  feet  deep.  A  trench  five  feet  deep 
should  be  four  feet  or  four  feet  six  inches  wide  on  the  surface, 
and  dee])er  trenches,  even  if  no  timbers  are  required,  should  be 
wider  still.  The  best  width  depends  to  a  certain  extent  on  tlie 
banks,  so  it  is  impossible  to  lay  down  any  rules,  but  the  general 
tendency  is  to  dig  trenches  too  narrow,  which  means  difficulty 
in  examination,  and  a  consequent  likelihood  of  veins  being  passed 
over  unnoticed. 

As  bed  rock  is  strip])ed  it  must  be  very  carefully  cleaned  off". 
If  the  surface  is  dry  sand  or  gravel,  this  is  best  done  bv  brush- 
ing. If  the  soil  sticks  to  the  rock,  as  clay,  for  instance,  does,  the 
rock  must  be  washed,  and  washed  thoroughlv.  Care  must  be 
taken  not  to  fill  u])  the  cracks  and  crevices  with  mud.  as  it  is 
these  which  ha\e  to  l)e  most  carefully  examined.  It  is  better 
not  to  wash  oft'  the  rock  unless  absolutely  necessary,  owing  to 
this  trouble  caused  by  the  inequalities  being  filled  with  mud. 

Trenches  cannot  be  prcjspected  too  carefully,  as  especially 
in  diabase,  it  is  often  extremely  difficult  to  recognize  a  vein.  The 
bed  rock  should  be  most  carefully  watched  for  any  change  in 
texture,  as  the  rock  near  a  vein  is  often  finer  grained  than  the 
surrounding  rock.  Too  great  care  cannot  be  exercised,  and 
every  place  where  there  could  possibly  be  a  vein  should  be  shot 
out.  The  number  of  veins  which  have  been  found  in  old 
trenches,   and    which   had   previously  been   missed   is     startling. 
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\\  ith  even  the  greatest  care  some  small  veins  will  probably  be 
passed  over,  and  a  vein  less  than  one  inch  in  width  in  this  dis- 
trict may  be  extremely  valuable. 

Ha\ing-  found  a  vein,  the  amount  of  work  that  should  be 
done  on  it  depends  on  the  vein  itself.  It  must  at  least  be  strip- 
ped for  some  little  distance,  and  a  test  pit  sunk  deep  enoug'h  to 
get  below  the  weathered  surface.  If  the  indications  are  in  any 
wa}'  promising  it  should  be  stripped  and  opened  up  as  far  as 
it  can  be  followed,  and  the  trench  shotild  be  sufficiently  wide  to 
allow  the  vein  to  be  shot  out  without  having  the  banks  fall  in 
on  it.  A  CDUsiderable  amount  of  shooting  is  unavoidable  when 
openmg  up  a  \ein.  but  as  nitich  drilling  as  possible  should  be 
avoided,  since  it  is  extremely  difficult  to  get  a  hole  down  to  any 
depth  owing"  to  the  number  of  joints  and  seams  usually  found 
near  a  \ein.  and  even  under  the  best  conditions,  drilling  is  a  slow 
and  expensive  job.  A  vein  can  usuall}-  be  opened  up  by  explod- 
ing powder  in  the  tissure  (providing  the  loading"  and  tamping  be 
properly  done).  More  powder  will  be  used  than  with  drilled 
holes,  but  the  saving  in  labor  more  than  repays  for  this. 

Before  reporting  any  find,  care  shotdd  be  taken  to  be  abso- 
lutely certain.  If  in  very  small  pieces,  bismuth  and  silver  are 
easil}-  confounded.  A\'hen  looking  at  museiuu  specimens  there 
appears  to  be  little  similarity  between  the  two,  bnt  when  silver 
IS  expected  and  a  speck  of  bismuth  encountered,  it  is  very  easy  to 
be  misled,  in  fact,  it  is  often  absolutely  impossible  to  be  certain 
without  a  chemical  test.  Cobalt  bloom  and  red  iron  oxide  are 
frequently  confounded.  I'nless  there  can  be  absolutel}'  no  doubt 
a  chemical  test  should  always  be  made  before  any  find  is  re- 
ported. 

When  the  surface  work  is  completed  there  are  two  methods 
of  prospecting"  underground  to  be  considered — the  ordinary  min- 
mg  methods,  of  shaft-sinking,  drifting-  and  cross-cutting ;  and 
the  diamond  drill. 

It  can  safely  be  said  that  the  diamond  drill  has  not  been  a 
success  in  this  district,  at  least  as  far  as  the  search  for.  and  test- 
ing of  veins  is  concerned.  There  are  two  principal  reasons  for 
this  failure  :  first,  as  the  drill  passes  through  the  vein  the  latter 
breaks  up  into  powder,  and  no  core  of  the  vein-matter  is  obtained. 
Secondly,  even  when  a  sample  of  the  vein  is  obtained,  the  inform- 
ation gained  is  of  little  value.  Only  one  point  in  the  vein  is 
sampled,  and  while  there  may  be  no  values  or  very  low  values 
just  at  that  point,  other  parts"^of  the  vein  may  carry  'high  values. 
Sufficient  data  to  form  any  idea  of  the  value  of  a  vein  cannot  be 
obtained  with  the  diamond  drill. 

Ordinary  mining  methods  apply  to  shaft-sinking,  etc.. 
whether  the  property  is  a  prospect  or  a  mine.  It  is  obviously 
impossible  in  this  paper  to  go  into  such  questions  as  to  when 
a  plant  should  be  installed,  or  when  to  work  by  hand.  Around 
Cobalt  this  question  has  been  solved  to  a  great  extent  by  the 
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advent  of  the  power  companies.  In  South  Lorraine  it  still  exists, 
although  thev  are  expecting-  to  have  electric  power  there  this 
fall  (1910). 

It  must  be  remembered  that  in  prospecting,  as  in  all  mining 
ventures,  no  two  propositions  are  alike.  The  work  to  be  done 
depends  upon  so  many  things  ;  the  property  itself,  amount  of 
money  to  be  spent,  the  length  of  time  in  which  to  perform  the 
work,  and  a  host  of  other  circumstances  have  to  be  taken  into 
consideration.  There  is  room  for  differences  of  opinion  at  every 
turn,  and  there  is  no  pretence  made  that  this  paper  is  in  any  way 
complete,  or  even  representative,  it  is  simply  a  collection  of  a 
few  opinions  formed  during  a  couple  of  summers'  prospecting  in 
Cobalt  and  South  Lorraine. 


GAS  AND  OIL  ENGINE  RESULTS. 
Thermodynamic   Laboratory,   University   of   Toronto. 
\V.  W.  Gray,  B.A.   Sc. 

A  series  of  tests  was  conducted  by  a  party  of  fourth-year 
students,  Messrs.  Schwenger,  Stroud  and  Thompson,  on  the 
9  B.  H.  P.  Fielding  and  Piatt  gas  engine,  to  determine  its  gas 
consumption  per  B.  H.  P.  per  hour  at  various  loads. 

The  engine  is  of  the  single  cylinder,  single  acting,  horizontal, 
hit-and-miss  governor  type,  and  is  of  standard  English  design 
throughout.  The  results  obtained  are  very  satisfactory  for  an 
engine  of  this  small  power. 

Results  of  Tests. 

City  illuminating  gas. 

Diameter  of  cylinder.  7  inches  :  stroke,  14  inches. 
Compression,  90  pounds  per  square  inch. 
Ignition,  electric,  by  trip  magneto. 


No.  of  test 

Date 

1 

Jan    25 
40 
220 
0 

5I-2 

I 

2 

26 
30 
220 

I.lq 

76.9 

I 
6 

3 

26 

30 
219 
2.03 

86 
42.4 

1 

4 

26 

30 
219 
3-04 

93 
30-6 

I 

5 

26 
25 
219 

405 
114 

28.1 
1 

6 

30 
220 
5.08 
121 
23.8 
I 

7 
27 
25 
218 
6.04 

24.8 

1 

8 

28 

30 
218 
7.06 
153 
21.7 
I 

9 

28 

15 

218 
S.06 
166 

20.6 

I 

10 

Duration  (minutes)  

R.P.M 

B.H.P. 

Gas  per  hour,  cu.  ft . 

Oas  per  B  H  P.  hour  cu.  ft  . 
„    ..       Gas 

30 

218 
0.07 
182 

20.1 
I 

Ratio-.. 

Air 

9 

10 

ID 

ID 

12 

10 

TO 

10 

10 

This  engine  is  provided  with  a  special  vaporizer  and  valve 
gear,  to  allow  the  use  of  kerosene,  the  vaporizer  being  kept  at 
the  proper  temperature  by  means  of  a  kerosene  torch. 
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Ignition  is  by  the  hut  tul)e  nicthrxl.  the  tnlx'  being'  heated  bv 
the  vaporizer  torch. 

A  series  of  tests  at  various  loads  was  conducted  on  this  en- 
gine by  Messrs.  Black.  ^Tanning  and  Tay]i>r.  a  part}-  of  fonrth- 
year  students. 

Results  of  Tests. 

Fuel,  kerosene. 

Compression.  90  pounds  per  square  inch. 

Ignition,  hot  tube. 

Xo.  of  Test  123  4 

Date Feb.   17  17  17  17 

Duration    in    minutes 30  30  30  25 

R.  P.  M 213  220  221  212 

B.  H.  P 1. 51  3.03  7.75 

Kerosene  per  hour   ilbs.j 1-937         2.562         3.687  6.187 

(Including  Torch) 

Kerosene  per   B.H.P.   hr.    (lbs.)       ...  1.7  1.22  .8 

Diagram  i.  taken  frr)m  the  engine  when  it  ^^■as  operating  on 
city  gas.  is  a  characteristic  card  for  a  gas  engine. 

Diagram  2,  an  oil  card  :  is  a  very  good  diagram  for  an  oil 
engine:  very  few  similar  cards  \\ere  obtained  during  the  tests. 


Tr/a/zoa/'or-  JD  /'a  o/amS. 


To  produce  this  diagram,  the  treatment  of  the  kerosene  must 
have  been  under  ideal  conditions,  with  respect  to  temperature 
of  vaporizer,  proportion  of  air  and  vapor  in  the  mixture,  and  tem- 
perature of  ignition  tube. 

Diagrams  3.  4,  and  5  indicate  too  rich  a  mixture,  a  condition 
difficult  to  overcome  in  oil  engine  work. 
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NOTE  ON  THE  UTILIZATION   OF  ATMOSPHERIC 
NITROGEN. 

SAUL  DL'SH.\L\.\.  B.A. 

]Jurin_<4  tlic  la>t  t'ew  years  a  lari^e  luimher  of  ])roces.ses  have 
been  devised  for  the  utihzation  of  atmospheric  nitrogen.  The 
motives  for  these  ])rocesses  have  been  two-fold:  both  in  fer- 
tilizers and  in  explosives  nitrogen  forms  a  very  important  con- 
stituent. Xitre  or  Chili  saltjjeter  has  been  the  substance  chiefly 
used  for  these  purposes  in  the  past:  but  the  nitre  beds  are  gradu- 
ally becoming  exhausted,  and  the  world  has  come  to  realize  that 
some  other  source  of  fertilizers  must  be  sought  for  if  its  food 
supply  is  to  remain  assured.  At  the  same  time~rhere  exists  a 
continually  increasing  demand  from  the  manufacturers  of  ex- 
l)losives,  for  a  concentrated  nitric  acid. 

As  far  back  as  IJJ'^,  Caxendish,  the  famous  English  ph3\si- 
cist.  discovered  that  an  electric  spark  passed  through  a  moist 
mixture  of  oxygen  and  nitrogen  produces  nitric  acid,  and  at 
least  three  processes  are  in  commercial  operation  which  are 
based  upon  this  reaction.  In  the  ])rocess  devised  by  P)irkeland 
and  Eyde  in  1904,  a  5.oco-volt  alternating  current  is  ])assed  be- 
tween w^ater-cooled  copper  electrodes  and  by  means  of  a  mag- 
netic field  at  right  angles  to  the  latter,  the  arc  is  spread  out  into 
a  disc  of  over  two  meters  in  diameter,  thus  causing  almost  the 
whole  volume  of  air  in  the  furnace  to  be  raised  instantaneously 
to  a  very  high  temperature.  About  one  per  cent,  of  the  air 
passing  through  the  arc  is  thus  converted  into  oxides  of  nitro- 
gen, which  are  then  washed  out  by  passing  th?  gases  from  ;he 
furnaces  through  a  series  of  towers.  There  is  obtained  in  this 
manner  a  50  per  cent,  nitric  acid,  which  is  converted  into  calciiun 
nitrate  ])\  neutralizing  with  lime.  The  latter  is  used  as  a  fer- 
tilizer directly.  The  furnaces  used  by  P)irkeland  and  Eyde  were 
originallv  of  500  k.w.  capacity,  but  subse([uently  they  were  re- 
])laced  by  8co  k.w.  units,  and  at  the  present  time  it  is  the  in- 
tention to  re])lace  these  b}-  1,600  k.w.  furnaces.  In  the  first  com- 
mercial installation  at  Xotodden,  Norway,  only  1,500  k.w.  was 
used ;  atterward^  thi.>  was  increased  to  40,000  k.w.  During 
1908.  the  tirst  year  of  operation,  the  total  income  was  $536,000. 
and  the  net  v'd'n.  $134,000.  Plants  have  been  established  at 
numerous  other  1 'laces  in  Norway,  where  water-power  is  avail- 
able, and  according  to  most  recent  rej^orts  the  Norwegian  in- 
dustry of  manufacturing  air  nitrates  is  undergoing  rapid  ex- 
tensions involving  the  expenditure  of  nearly  Si 5.000.000.  Not 
onlv  calcium  nitrate,  but  also  more  concentrated  nitric  acid, 
nitrate  of  ammt)nia,  nitrate  of  potash,  as  well  as  sodium  nitrate 
are  being  manufactured  at  these  plants.  One  of  the  i)rincipal 
reasons  for  the  success  of  the  jirocess  in  Norway  is  undoubtedly 
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the  small  cost  of  power  which  is  said  to  be  available  at  about 
$5  per  horse-power  year. 

Another  process  based  upon  the  same  fundamental  principle 
is  that  developed  very  recently  by  the  Badische  Anilin-und 
Soda-Fabrik.  "In  this  process  a  continuous  arc  is  produced  iv 
a  long-  tube  by  first  bringing-  electrodes  together  and  then  gradu- 
ally moving  them  along  the  tube  while  the  other  remains  fixed 
at  one  end  of  the  tube.  The  current  of  air.  instead  of  being 
passed  through  this  arc,  is  passed  around  it  through  the  tube  by 
being  forced  in  at  an  angle  to  the  imain  axis  of  the  tube.  It  is 
said  that  the  arcs  used  in  this  process  vary  from  35  to  50  feet 
or  more  in  length,  and  are  maintained  continuouslv  for  days  or 
even  months  at  a  time." 

Besides  these  two  processes  which  are  both  in  successful  com- 
mercial operation,  there  is  a  third  process  for  the  oxidation  of 
atmospheric  nitrogen  which  has  been  devised  by  H.  and  G.  Paul- 
ing, and  is  working  on  a  large  scale  near  Innsbruck  in  Tyrol. 
The  electrodes  are  curved  like  the  electrodes  of  the  so-called 
horn  lightning  arresters.  The  arc  is  started  at  the  narrowest 
part  between  the  electrodes  by  means  of  a  special  lighting  de- 
vice. The  air  current  passed  through  the  arc  blows  it  out  to 
a  considerable  distance  and  thus  increases  the  volume  of  air 
heated  to  the  extremely  high  temperature  at  which  combination 
occurs.  "The  twenty-four  furnaces  at  present  installed  in  this 
plant  liaxe  a  total  capacity  of  15,000  h.p.  Two  other  plants, 
each  of  10,000  h.p.,  for  carrying  out  the  same  process,  are  in 
course  of  erection,  one  in  Southern  France,  and  the  other  in 
Northern  Italy." 

The  process  of  Frank  and  Caro  for  the  utilization  of  atmos- 
pheric nitrogen  is  totally  dififerent  from  any  of  the  above  meth- 
ods. Nitrogen  is  passed  over  heated  calcium  carbide  and  the 
result  is  the  formation  of  a  substance  having  the  formula  CaCNo 
and  known  as  cyanamide.  Investigations  at  numerous  agri- 
cultural stations  have  shown  that  it  can  be  successfully  used  as 
a  fertilizer,  and  accordingly  a  large  number  of  plants  are  being 
erected  both  in  Eurojie  and  America  for  its  production.  The 
L'nited  States  Cyanamide  Company  has  a  5,000-tons  works  at 
Niagara  Falls,  Ontario,  and  is  also  building  another  plant  in 
Tennesee.  Cvanamide  is  also  of  interest  on  account  of  the  num- 
l>er  of  interesting  derivatives  which  it  is  capable  of  yielding 
when  treated  with  different  reagents.  .An  important  reaction  is 
that  with  steam,  leading  to  the  formation  of  ammonia,  which 
mav  be   subsequently   converted   into   ammonium   sulphate. 

Still  another  method  for  the  utilization  of  atmospheric  nitro- 
gen has  been  devised  recently  by  F.  Haber  and  patented  by  the 
Badische  .\nilin-und  Soda-Fabrik.  A  mixture  of  nitrogen  and 
hydrogen  in  the  required  proportions  is  maintained  at  a  con- 
stant high  pressure  and  heated  in  presence  of  a  catalytic  reagent 
(such  as  finelv  divided  iron  or  osmium")  to  a  tem])erature  which 
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varies  between  400"  and  800"  C.  Onl}-  about  8  per  cent,  of  the 
mixture  is  converted  into  ammonia,  but  the  ])o\ver  necessary  for 
the  compression  and  circulation  of  the  resulting  gases  is  very 
small,  and  it  appears  very  likely  that  in  the  near  future  this  pro- 
cess will  be  exploited  industrially. 


TECHNICAL  EDUCATION 

A  Synopsis  of  the  Discussion  at  a  Meeting  of  the  Engineers' 
Club,  October  13th,  1910. 

Dr.  Galbraith,  Pccn  of  fhc  Faculty  of  Applied  Science  and  Engineering. 

Mr.  Chairman  and  (Gentlemen: — The  object  of  having  a  dis- 
cussion on  this  subject  by  the  Engineers"  Club  is  for  the  purpose 
of  presenting  some  of  our  views  to  the  Royal  Commission  on 
Technical  and  Industrial  Education.  Thinking  that  the  members 
of  the  club  might  have  some  ideas  on  this  subject  which  they 
would  like  to  present.  I  asked  the  Commission  if  they  vvould  care 
to  receive  our  views.  They  assured  me  that  they  would  welcome 
such  opinions,  and  would  be  glad  to  receive  them  upon  their  re- 
turn to  Toronto  for  the  examination  of  witnesses. 

To-night  I  am  asked  to  open  the  discussion,  and  do  not  prt)- 
pose  speaking  longer  than  is  necessary  to  present  the  cjuestion 
and  to  elicit  the  opinions  of  the  members  of  the  club  who  are 
present. 

The  term  "Technical  Education"  is  very  broad,  so  broad 
uideed,  as  to  be  almost  vague.  The  Faculty  of  x\pplied  Science 
in  the  University  of  Toronto,  covers  only  one  branch  of  the  sub- 
ject, and  it  may  be  the  duty  of  the  Commission  to  study  the  ques- 
tion in  its  most  general  sense. 

The  name  is  almost  a  misnomer,  as  usually  applied.  The 
word  "  technical  "  really  means,  ''relating  to  the  art  of  making 
things  or  doing  things";  for  example,  a  trade  education  in  the 
methods  of  making  things  or  the  doing  of  work  by  manual  labor 
is  technical  in  the  original  sense  of  the  word.  The  expression  is 
now  applied  generally,  to  training  in  practical  science. 

As  an  illustration  of  some  of  the  difficulties  in  technical 
education,  if  you  turn  to  the  curriculum  of  the  Toronto  Techni- 
cal School,  you  will  see  that  very  nearly  t!he  same  subjects  are 
taught  in  the  evening  classes  as  at  the  University  in  the  Facult}' 
of  Applied  Science.  A  stranger,  not  knowing  the  circumstances 
could  not  make  any  distinction.  Now,  the  diflference  is  this:  the 
objects  of  the  Faculty  of  Applied  Science  are  well  defined:  they 
are  limited  by  the  nature  of  the  professions  to  which  the  train- 
ing is  directed,  and  consequenth^  it  is  comparativelv  easy  to 
construct  the  curriculum.  Rut  in  tihe  case  of  the  municipal 
technical  school,  the  students  come  from  all  sorts  of  positions 
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and  trades.  They  often  have  no  definite  olDJect  in  view.  One  de- 
sires one  thing,  another  wants  something"  else.  It  is  hard  to  de- 
termine what  to  include  and  what  to  leave  out,  and  this  is  due  to 
the  fact  that  the  requirements  of  the  students  vary.  They  can- 
not be  divided  into  graded  classes  as  are  tihe  students  in  the 
Faculty  of  Applied  Science.  They  require  to  be  treated  as  indi- 
viduals rather  than  in  classes. 

Another  difficulty  is  this:  in  the  university  (I  am  not  speak- 
ing of  Toronto  only,  because  the  principles  apply  g-enerally),  the 
matriculation,  or  entrance  examination,  whatever  its  weaknesses 
may  be,  accomplishes  one  object.  The  students  know  at  the  be- 
ginning, and  the  teachers  know,  just  what  the  qualifications  of 
the  students  are.  The  instructor  knows  Where  to  begin,  and 
this  in  itself  is  a  great  advantage.  In  the  evening  classes  of  the 
Technical  School  the  situation  is  quite  otherwise.  Satisfactory 
grading  by  means  of  an  entrance  examination  is  difficult  or 
unpossible.  These  difficulties  in  the  case  of  the  evening  classes 
came  under  my  observation  when  a  member  of  the  board  of 
directors  some  years  ago. 

The  teaching  of  trades  in  the  municipal  school  in  a  place 
like  Toronto  is  rendered  difficult  by  the  great  number  of  trades 
to  be  considered ;  the  cost  would  be  enormous.  Again  the  prob- 
lem is  made  more  complicated  by  the  attitude  of  the  labor 
unions.  The  representatives  of  the  unions  at  the  time  I  speak  of 
were  in  favor  of  teaching  practical  science,  but  opposed  to 
teaching  trades.  The  problems  to  be  solved  in  the  case  of  the 
Toronto  Technical  School  will  be  the  problems  of  the  municipal 
technical  schools  in  the  majority  of  Canadian  communities. 

There  is  a  noteworthy  movement  that  is  taking  place  in 
America,  viz.,  the  teaching  of  the  trades  by  the  people  who  are 
most  interested  in  them.  This  seems  only  common  sense.  It 
IS  being  done  by  the  larger  corporations  ;  the  Grand  Trunk 
Railway,  and  the  Canadian  Pacific  Railway  have  begun  this  work 
m  Canada.  They  have  their  own  schools  for  their  apprentices, 
who  receive  instruction  in  both  the  theoretical  and  the  practical 
sides  of  the  trade,  and  the  results  are  very  encouraging.  The 
instruction  books  used  by  these  corporations  are  very  well  adapt- 
ed to  their  purpose.  While  a  man  is  working  on  one  machine, 
he  is  given  a  blue  print  describing  the  machine  to  be  taken  next 
He  studies  this,  and  is  able  to  answer  theoretical  questions  relat- 
ing to  the  machine  by  the  time  he  is  moved  on  to  it.  This  plan 
is  being  used  also,  by  the  Baldwin  Locomotive  Works,  in 
Philadelphia,  and  in  many  other  large  plants.  It  is  adopted  by  a 
number  of  the  largest  corporations,  and  is  done  for  purely  busi- 
ness reasons.  There  is  no  philanthropy  entering  into  the  ques- 
t'on,  for  corporations  have  no  souls,  and  only  work  for  the  divi- 
dends. In  these  corporation  schools  there  are  two  classes  of 
students  as  a  rule,  viz.,  the  men  from  the  universities  and  the 
men   with  onlv  a  common  school  education.     The  trade  educa- 
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tion  of  these  men,  while  extremely  practical  in  both  cases,  is  dif- 
icrcnt,  for  the  reason  that  they  are  needed  for  different  purposes. 

Much  the  same  system  obtains  in  Germany.  The  cases  of 
which  I  have  heard  are  in  the  manufacturing  works  in  which  ap- 
plied chemistry  is  the  fundamental  science.  The  laboratory  is 
located  in  the  works.  The  best  trained  men  are  taken  from  the 
technical  high  schools  and  placed  in  these  works,  where  they  are 
trained  in  the  methods  of  the  company.  It  seems  that  where  the 
employee  is  trained  by  the  emploA'er  the  result  is  mutually  bene- 
ficial. It  is  not  like  the  training  of  a  group  of  men  for  something 
they  may  never  follow  afterwards. 

There  is  not  much  respect  shown  by  students  for  a  teacher, 
wJiether  in  theory  or  practice,  unless  he  is  an  expert  in  what  he 
teaches.  If  we  are  to  make  any  progress  in  the  teaching  of 
trades,  we  must  have  men  who  are  skilled  in  the  trades  they  pro- 
pose to  teach,  and  these  men  are  what  the  Grand  Trunk  and  Can- 
adian Pacific  Railways  have.  They  have  also  practical  men  who 
i^an  teach  the  necessary  theory. 

To  obtain  teachers  with  suitable  qualifications  will  prove 
one  of  the  greatest  difficulties  in  teaching  trades.  I  believe  some 
reacliers  can  be  obtained  in  Canada.  I  know  that  among  the 
young  men  who  enter  the  Faculty  of  Applied  Science  there  are 
some  expert  mechanics,  and  these  men  when  they  graduate  may 
be  used  as  teachers,  since  they  would  be  equipped  to  teach  both 
theory  and  practice,  and  could  hold  the  respect  and  interest  of 
the  pupils.  But  not  every  graduate  in  mechanical  engineering 
could  do  so,  brecause  as  a  rule,  when  he  graduates,  he  is  neither 
an  engineer  nor  a  mechanic.  The  difficulties  of  obtaining  teach- 
ers for  trade  schools  will  naturally  be  greater  at  the  initiation  of 
the  work  than  afterwards ;  demand  will  doubtless  encourage  a 
supply. 

I  have  now  touched  upon  a  few  of  the  leading  points  as  they 
occurred  to  me.  I  have  not  gone  into  details,  but  have  attempted 
rather  to  present  the  subject  to  the  Engineers'  Club  in  such  a 
manner  as  to  suggest  questions  for  discussion. 


Mr.  R.  W.  King,  oi  Robert    JV.    King  and  Co.,  Architects  and  Engin- 
eers, Toronto. 

I  would  like  to  emphasize  one  point  made  by  Tjv-  Galbraith. 
which  is,  the  absence  of  localization  in  the  diflferent  industries. 
This  has  been  one  great  difficulty  confronting  technical  edu- 
cation. 

I  had  an  opportunity  of  seeing  this  in  connection  with  the 
trade  of  knitting.  There  are  certain  centres  given  to  this  trade. 
In  England  it  is  Leicester.  Weaving  had  a  centre  at  Notting- 
ham, while  in  Germany  there  were  other  centres  for  these 
trades.  In  Leicester  and  Nottingham  and  in  some  of  the  other 
centres,  trade  schools  and  technical  schools  are  to  be  found,  be- 
cause there  is  where  the  industrv  flourishes.     The  government 
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makes  grants  to  these  schools  with  a  view  to  an  increase  of  the 
stafif.  Germany  set  the  example  by  instituting  an  immense  school 
where  trades  desired  by  the  community  were  taught.  Its  students 
were  taught  how  to  do  their  work  intelligenly.  This  was  the 
sort  of  education  that  England  found  it  necessary  to  adopt,  and 
they  sent  their  teachers  over  annually  to  get  pointers.  I  have 
no  experience  outside  the  fabric  industry,  but  I  would  be  espe- 
cially interested  in  seeing  the  experiment  tried  in  that  line. 

I  suppose  the  same  would  apply  in  other  parts  of  the  coun- 
try where  these  centres  exist.  In  Ste.  Hyacinthe,  Quebec,  there 
is  a  centre  for  woollens  and  knitted  goods.  In  Ontario  we  have 
Paris.  Now,  if  we  are  going  to  follow  the  example  of  the  Old 
Country,  it  is  in  such  places  that  the  technical  or  trade  schools, 
should  be  placed,  and  maintained  by  the  government,  I  believe 
it  would  be  to  the  advantage  of  the  country  to  centralize  the 
trade.  You  could  not  hope  for  much  success  in  Toronto,  I  fear, 
because  of  the  great  variety  of  trades  being  followed. 

C.    H.    C.    Wright,    Professor  of    Architecture,    Faculty    of    Applied 
Science. 

Dr.  Galbraith  has  given  you  the  academic  side  of  this  ques- 
tion, and  I  do  not  think  that  I  can  add  anything  to  what  he  has 
so  ably  said.  I  believe  that  if  the  Manufacturers'  Association 
deem  it  necessary  to  place  their  notes  before  the  Commission  on 
this  subject,  then  the  members  of  this  club  should  also  present 
their  views ;  and  I  would  like  to  hear  what  difficulties  exist  to 
you.  What  are  your  difficulties  as  practising  men?  Do  your 
mechanics,  machinists  and  artisans  understand  your  instructions? 
Do  they  read  the  draAvings,  or  do  they  blunder  through  them, 
making  mistakes  that  cause  endless  trouble  for  you  and  for 
themselves?  I  would  like  to  hear  what  these  troubles  in  hand- 
ling men  arise  from.  I  am  not  prepared  to  say  that  we  have 
missed  the  cue,  educationally,  although  there  may  be  improve- 
inents  necessary.  We  should  know  what  the  real  difficulties 
are,  the  existing  conditions,  so  that  we  can  work  together  to  clear 
them  out  of  the  way.  I  believe  you  men  who  are  out  in  the 
practising  world  are  the  ones  who  have  met  the  difficulties,  and 
these  are  the  things  that  I  believe  should  be  brought  before  the 
attention  of  the  Commission. 

T.  Aird  Murray,  Consulting  Municipal  and  Sanitary  Engineer,  Toronto. 

T  have  been  asked  to  give  in  a  few  words  my  ideas  as  to 
how  far  and  in  what  way  methods  of  education  can  be  outlined 
to  produce  what  is  technically  called  a  "  Sanitary  Engineer." 

I  understand  that  views  expressed  to-night  are  to  be  laic' 
before  a  commission  whose  business  is  to  report  upon  technical 
education. 

My  difficulty  is  at  once  apparent.  T  am  not  sure  as  to  the 
exact  classification  of  a  "  sanitary  engineer,"  whether  it  should 
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be  "technical."  "practical"  or  "scientific."  But  surely  when  we 
consider  the  point,  does  not  this  difficulty  of  definition  apply  all 
around?  I  cannot  see  that  there  can  exist  any  such  separate 
-.hing'  as  technical  education,  no  matter  how  much  we  may  have 
got  used  to  the  term,  as  applied  to  those  forms  of  education  which 
are  calculated  to  produce  the  man  who  actually  performs.  The 
theory,  or  principle,  of  equilibrium  has  always  appealed  to  me 
as  something  of  a  natural  force,  producing  the  ma.ximum  effi- 
ciency. Therefore  I  do  not  ask.  "Is  a  man  technical?"'  "Is  a  man 
scientific?"  or  "Is  a  man  particularly  this  or  particularly  that?" 
But  I  do  want  to  know,  are  his  actions  based  upon  deduction  or 
are  they  merely  instinctive?  The  principle  of  deductive  thought 
as  separate  from  instinctive  thought,  appears  to  be  the  main 
(luality  distinguishing  the  so-called  "  human  "  from  the  general 
'  animal  "  class  of  creation.  X'ow,  how  can  a  man  be  "  techni- 
cal," as  apart  from  "  instinctive."  unless  his  technical  eflfective- 
ness  is  based  upon  deductive  formulae. 

It  is  useful  that  a  man  should  knock  a  nail  skilfully,  truly 
and  with  precision,  but  if  the  action  is  controlled  only  by  the 
instinct  which  causes  a  bird  to  build  its  nest  with  precision,  he 
is  no  more  than  an  instinctive  animal.  The  man  should,  at  the 
back  of  each  knock,  feel  and  know  all  the  reasons  and  accumula- 
tive evidence  which  make  for  what  is  termed  efficiency  in  work. 
Absolute  efficiency  in  production  is  found  in  machine  results: 
machine  termination  is  the  result  of  scientific  application.  The 
man  must  be  superior  to  the  machine  ;  and  must,  therefore,  be 
something  more  than  a  tool  capable  only  of  producing  technical 
results. 

But  what  has  this  to  do  with  sanitary  engineering?  Simply 
this,  you  can  no  more  make  a  pureh'  efficient  technical  sanitar}'- 
engineer  than  you  can  make  a  purely  efficient  scientific  sanitary 
engineer.  The  efficient  product  must  represnt  a  combination, 
and  must  result  in  equilibrium.  This  fact  is  being  recognized  in 
older  countries.  The  United  States  of  America  in  their  univer- 
sities, and  European  centres  of  research  work  as  exemplified  in 
the  Hamburg  State  Institute  of  Hygiene  recognize  sanitarv  cur- 
riculums.  Generally  speaking,  apart  from  the  special  sanitary 
engineering  course  at  McGill  University,  nothing  is  doing  in 
Canada.  A\'hat  is  the  result  in  Canada?  We  see,  whenever  an 
expert  is  required  to  advise  on  sanitary  matters,  an  outsider 
called  in.  We  train  men  in  the  problems  of  surveying  and  lay- 
"ng  out  a  new  country,  in  railway  work,  bridge  building,  and  all 
the  requirements  of  transportation,  in  fact,  in  evervthing  of  a 
utilitarian  nature,  even  to  the  harnessing-  of  our  rivers  for 
power;  but  in  the  maintenance  of  ourselves  in  a  normal  state  of 
health,  not  only  in  health,  but  in  a  mere  state  of  existence,  we 
have  no  curriculum  of  training. 

I  have  used  the  term  "  a  mere  state  of  existence."  because 
one  fact  stands  out  plainly   (all   who  run   may  read),  a  popula- 
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'.ion  cannot  grow  beyond  the  available  water  supply  at  the  rate 
of  at  least  thirty  gallons  of  potable  water  per  head  per  day- 
Apart  from  our  ideal  and  practical  thought  of  dominion,  our 
calculations  of  serial  production,  our  schemes  of  railway  devel- 
opment, grain  elevators,  and  multitudinous  efforts  and  methods 
of  transportation  and  inhabitation,  no  two  people  can  exist,  and 
no  communitv  can  grow  beyond  "  available  water  supplv." 

Here  comes  in  the  "  sanitary  engineer."  the  man  who  can 
weigh  up  both  j^hysical  and  chemical  data  and  draw  deductions, 
and  tell  a  community  just  how  far  it  can  grow,  and  where  it 
must  automatically  stop.  Xow  what  does  this  mean  from  the 
sanitary  engineering  educational  point  of  ^•iew?  It  means  a 
man  trained  not  only  in  taking  levels,  making  surveys,  measur- 
ing (juantity  and  estimating  the  cost  of  work,  but  in  estimating 
the  amount  of  character  of  available  water  within  a  given  area. 

This  takes  in  a  great  deal  more  than  what  is  generally  call- 
ed "technical  engineering."  The  character  of  any  water,  apart 
irom  its  quantity,  is  surely  most  important.  Underground  water 
is  not  only  water,  but  is  also  a  mixture  and  chemical  compound 
or  compounds:  its  constitution  depending  upon  the  absorbed  and 
soluble  quantities  of  foreign  matters  taken  up  from  strata.  Sur- 
face water,  in  its  constitution  as  far  as  admixture  appertains,  is 
dependent  upon  the  absorption  and  mixtures  of  forms  of  vege- 
table growth  and  decay. 

\\'ater,  as  generalh'  found,  is,  in  fact,  not  water  as  repre- 
sented by  Ho  ( ).  in  our  text  books,  but  presents  other  and  more 
mtricate  chemical  formulae,  sometimes  inorganic,  sometimes  or- 
ganic, generally  a  combination  of  both,  but  seldom  water. 

Now  the  conclusion  of  the  abo\-e  is  simply  this.  Certain 
defined  lines  of  education  are  required  to  include  a  curriculum 
of  training  wdiich  will  produce  not  only  a  so-called  "  technical 
man/'  or  man  who  can  measure  a  quantity  and  show  how  the 
(juantity  can  be  delivered,  but  one  who  can  also  determine  the 
exact  quality  of  the  quantity  in  its  relation  to  public  health. 
Such  constitutes  the  true  definition  and  training  of  a  sanitary 
engineer  in  at  least  one  of  the  aspects :  I  maintain  that  this  defin- 
ition holds  good  throughout.  To  put  the  matter  in  a  nutshell, 
in  a  light  plain  to  everyone,  I  would  ask  the  question.  "  \\'here 
can  I  g'et  the  man  trained  in  Canada  as  an  engineer,  who,  if  I 
put  before  him  an  analysis  of  a  peculiar  liquid  or  sewage,  could 
produce  on  paper  another  analysis  and  show  the  cost  and  method 
of  obtaining  a  defined  change?  I  can  get  plenty  of  men 
from  the  schools  who  can  do  mechanical  drafting  or  instrument 
work,  but  the  man  who  can  think  and  deduct  from  natural  ]ihe- 
nomena  are  few  and  far  between. 

N^ow,  natural  phenomena  is  not  a  hidden  basis  of  action .  but 
is  the  hypothesis  of  all  formulae.  Therefore.  I  consider  that 
technical  education  should  be  based  upon  this  ultimate  basis  of 
things.     If  I  were  asked  to  generally  define  the  lines  of  educa- 


34  APPLIED  SCIENCE 

tion  for  a  sanitary  engineer,  I  would,  by  simply  stating  that 
there  should  be  added  to  the  general  engineering  coarse,  a  course 
in  organic  and  inorganic  chemistry,  together  with  a  knowledge 
of  bacteriology  as  affecting  the  transmission  of  what  are  gener- 
ally termed  water  borne  diseases,  as  well  as  affecting  the  vari- 
ous fermentation  processes  for  breaking  up  organic  compounds. 

There.are  times  when  one  has  to  listen  to  sentiments  of  de- 
preciation applied  to  scientific  men  particularly,  and  to  such 
phrases  as  "  an  ounce  of  practice  is  worth  a  ton  of  theory."  All 
attempts  to  separate  theory  and  practice  are  vain  and  foolish, 
and  are  the  products  of  primitive  ignorance.  It  is  well  to  re- 
member that  the  scientific  man  may  be  apt  to  know,  while  the 
other  is  apt  to  guess. 

All  that  I  have  said  up  to  the  present  may  apply  to  the  san- 
itary engineer,  but  I  am  inclined  to  think  that  the  work  of  the 
Commission  appertains  to  an  enquiry  more  into  the  fitness  or 
possible  fitness  of  the  man  who  may  be  employed  by  the  engin- 
eer to  execute  or  carry  out  his  plans.  The  man  who  receives  in- 
structions and  has  to  technically  carry  them  out  forms  the  ma- 
terial with  which  the  Commission  may  have  particularly  to 
deal.  This  man  cannot  efffciently  be  produced  by  any 
method  of  any  education  apart  from  apprenticeship  and  practice 
in  the  particular  line  of  work. 

Sanitary  engineering  demands  a  host  of  so-called  "  tech- 
nical men."  The  man  who  can  actually  go  into  a  sewer  trench 
and  make  a  really  watertight  joint,  or  a  lead  joint  in  a  water 
main,  the  efficiency  of  both  sewerage  and  water  supply  depend 
almost  entirely  upon  this  man.  In  Great  Britain  we  have  associ- 
ations of  managers  of  waterworks  and  engineering  installations 
which  include  so-called  technical  men.  and  who  are  simply  the 
product  of  a  demand.  It  strikes  me  that,  after  all.  the  law  of 
demand  and  supply  is  the  first  cause  instrument  which  produce-^ 
the  technical  man.  and  his  efficiency  depends  greatly  upon  the 
extent,  character  and  amount  of  work  which  falls  to  his  lot.  The 
efficiency  of  the  tool  is  in  proportion  to  the  efficiency  demanded 
of  the  tool,  and  this  sinijdy  brings  me  back  in  a  circle  to  tihe 
point  at  which  I  started.  The  efficiency  of  technical  work,  if 
the  iiroduct  of  deductive  reasoning  as  apart  from  instinctive, 
depends  upon  the  general  and  all-round  training  of  the  man 
who  originates  and  who  has  the  power  to  direct  completion. 

A.  H.  Gregg,  of  Wlckson  and  Gregg,  Architects,  Toronto. 

1  hope  to  sec  something  done,  r.ot  only  for  architectural 
students,  but  for  the  trades  that  come  closely  in  contact  with  the 
people.  To  my  mind  the  great  difficulty  is  that  the  people  lack 
interest  in  the  trades  they  are  following. 

An  example  of  this  was  brought  to  my  attention  recently. 
A  printer  in  this  city  received  a  large  order  for  books  and  found 
it  necessary  to  engage  nine  additional  printers.  He  had  to  dis- 
charge the  nine  men  almost  at  once  because  he  found  that  thev 
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lacked  sufficient  knowledge  of  type-setting.  Xow.  it  would  seem 
a  strange  condition  of  affairs  that  these  men  actuallv  lacked 
such  an  essential  qualification  of  a  printer. 

A  short  time  ago  we  were  building  a  manufacturing  plant  in 
which  we  had  to  have  a  small  poAver  plant.  One  morning  I 
w^ent  there  and  found  that  one  of  the  plumbers  had  prepared  a 
complete  drawing  of  the  principal  apparatus,  showing  the  loca- 
tion of  every  valve  in  it.  This  man  had  done  so  merelv  because 
he  loved  his  work  and  had  been  taught  to  think. 

Now  it  seems  to  me  hopeless  to  try  to  teach  men  their 
trades  unless  they  can  be  first  taught  to  think.  Their  education 
should  be  brought  to  the  point  where  they  can  reason  out  their 
work. 

The  printer  I  have  mentioned  told  me  that  they  could  not 
get  apprentices  to  stay,  because  their  life  was  made  miserable  by 
the  journeymen.  In  the  profession  of  architecture  we  are  in  a 
peculiar  position.  I'or  ages  the  architect  had  been  trained  \-er\- 
much  as  we  read  in  "Martin  Chuzzlewit,''  wdiere  Mr.  Pecksniff, 
having  received  the  pay  for  his  instruction,  turned  the  student 
ioose  to  draw^  the  cathedral,  or  what  he  pleased,  allowing  him  to 
be  his  own  master.  Things  have  changed  to-day.  The  larger 
oflfices  are  run  on  business-like  methods.  Few  of  the  large  offices, 
however,  care  to  take  on  a  man  to  teach  him.  They  do  not  wish 
to  be  bothered  with  him.  They  do  not  think  this  the  proper 
jilace  for  a  student.  It  seems  to  me  to  be  the  business  of  the 
people  to  train  architects,  because  there  is  nothing  that  comes 
more  directly  in  touch  with  the  citizen  than  the  work  of  the 
architect.  Evidently  the  government  should  take  an  interest  in 
this  question.  It  certainly  is  a  point  that  should  be  brought  to 
the  attention  of  the  Commission. 

L.  V.  Redman,  Department  of  Elcctro-Chcmistry .  Faculty  of  JppJicd 

Science. 

Dr.  Galbraith  has  pointed  out  that  education  could  be  the- 
oretical sometimes,  and  sometimes  practical :  while  under  cer- 
tain conditions  it  could  be  both  theoretical  and  practical,  but  un- 
less the  practical  could  be  well  taught,  it  had  better  be  left  out. 
In  this  connection  I  might  mention  Professor  Duncan,  of  the 
Kansas  State  University,  who  started  a  department  in  connec- 
tion with  that  institution,  the  results  of  which  have  exceeded  even 
the  greatest  ambitions  of  the  founder,  although  the  department 
is  but  four  years  old. 

The  idea  is  this:  A  graduate  of  the  university  enters  the 
employ  of  some  large  manufacturing  concern,  in  the  field  of 
research  work.  He  continues  using  the  laboratories  of  the  uni- 
versity, and  devotes  a  certain  portion  of  his  time  to  the  problem 
they  have  set  him.  His  other  time  is  devoted  to  the  teaching 
of  undergraduates  of  the  institution.  A  certain  fixed  sum  is 
given  him  as  a  salary  by  the  concern,  and  a  bonus  is  also  gi\en 
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him  if  he  solves  the  problem  upon  which  he  has  been  working. 
r)ne  such  man  found  the  process  of  makint^  what  is  known  as 
salt-rising  bread.  He  isolated  the  particular  culture  that  was 
necessary  to  make  the  yeast.  As  the  consumption  of  this  class 
of  bread  reaches  a  value  of  approximately  four  hundred  thousand 
dollars  per  year,  and  as  the  discovery  was  made  at  the  expense 
of  about  fifteen  hundred  dollars,  the  results  are  indeed  worthy 
of  special  note. 

Another  man  worked  on  the  caseins  present  in  butter  for  the 
interests  of  those  engaged  in  the  shipping"  of  large  quantities  of 
Dutter.  He  discovered  a  process  which  will  net  for  his  company 
the  sum  of  one  thousand  dollars  a  day. 

Hence  it  might  be  well  to  consider  such  a  scheme  in  connec- 
tion with  tiur  university.  The  man  v.'ould  be  no  expense  to  the 
university,  except  for  the  room  he  would  re(|uire  to  work  in. 
and  the  possible  discoveries  made  by  him  would  offset  this.  It 
seems  to  me  that  it  would  be  a  good  investment,  both  for  the 
univcrsitv  and  anv  large  company  that  employed  such  a  man. 

C.  R.   Young,  Department  of  Applied  Meeliaiiies,  Faculty  of  Applied 

Seieiuc.. 

Those  in  need  of  technical  training  may  be  divided  into  two 
classes  :  first,  the  professional  class,  composed  of  men  destined  by 
natural  gifts  or  other  advantages  to  occupy  positions  of  large  re- 
sponsibility, and,  second,  the  skilled  laboring  class. 

From  the  fact  that  the  representatives  of  the  first  class,  viz.. 
the  practising  engineers,  or  the  engineer-managers,  as  they 
may  be  called,  are  occupied  to  a  large  extent  in  dealing"  with 
men.  and  as  their  power  extends,  to  a  less  and  less  extent  witli 
things,  the  preparatory  training  for  such  should  be  essentially 
broad  in  its  character.  For  this  reason  it  is  possible  to  train 
men  to  enter  all  branches  of  engineering  at  a  single  technical 
college. 

'i'he  skilled  workman  is  essentially  a  specialist,  since  profi- 
ciency in  the  handling  of  tools  or  in  the  carrying  on  of  complex 
industrial  processes  is  attained  only  after  years  of  practice  along 
a  single  line.  It  is  even  said  in  this  connection  that  the  differ- 
ence can  be  noticed  between  a  workman  who  has  onlv  his  own 
experience  behind  him.  and  one  whose  ancestors  for  generations 
back  were  engaged  at  the  same  occupation.  The  skilled  operator 
or  worknian,  therefore,  requires  special  instruction  in  the  parti- 
cular craft  which  he  is  to  follow,  and  a  technical  school,  to  be  of 
most  value  to  him,  must  be  most  capable  of  affording  assistance 
m  his  own  branch  of  work.  In  this  respect  the  training  for  skill- 
ed workmen  differs  essentially  fmm  that  found  UK^st  salistactorv 
for  engineers. 

.\  very  important  service  which  technical  education  may  per- 
form to  assist  the  engineer  in  the  conducting  of  his  operations  is 
to  proxidc  special  instruciion  to  those  whose  dut\'  it  is  to  carrv 
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Ills  orders  into  effect.  Xo  one  knows  better  than  the  engineer 
the  difficulties  encountered  in  avoiding  errors  of  all  orders  of 
magnitude  in  the  progress  of  engineering  works.  Sometimes  this 
is  due  to  carelessness,  but  most  frequently  to  the  inability  of 
those  engaged  upon  the  work  in  the  field  to  grasp  the  purpose  and 
intention  of  the  engineer.  It  may  be  due  to  lack  of  familiarit}" 
with  plans  and  specifications,  or  inexperience  in  field  operations, 
but  the  most  serious  errors  arise  from  ignorance  of  the  simple 
!iatural  laws  upon  which  the  \vork  is  based.  Thus,  to  cite  ac- 
tual instances,  a  contractor's  foreman  may  place  the  vertical  re- 
inforcement of  a  retaining  wall  in  the  centre  of  the  wall  rather 
than  at  the  back,  or  main  reinforcement  for  a  concrete  beam  at 
the  top  instead  of  at  the  bottom,  and  an  inspector  may  quite  as 
innocently  decide  that  anchorages  for  the  posts  of  a  windmill 
tower  are  uncalled  for,  since  the  legs  are  battered,  or  that  a  form 
is  capable  of  sustaining  as  much  green  concrete  as  can  be  dumped 
into  it.  As  a  means  of  lessening  the  likelihood  of  such  errors  as 
these,  any  arrangement  by  which  contractors'  foremen  and  in- 
spectors on  engineering  or  building  work  might  receive  ele- 
mentary instruction  in  mechanics  would  be  welcomed.  At  pre- 
sent the  only  means  of  this  character  generally  available  are  af- 
forded in  the  courses  of  the  correspondence  schools,  but  these 
can  never  equal  personal  instruction  in  efficiency. 

T.    R,    Rosebrugh,   Professor   of  Electrical  Engineering.   Faculty    of 

Applied  Science. 

About  twenty  years  ago  I  had  brought  to  iriy  attention  a 
case  which  would  be  quite  different  in  Toronto  as  regards  the 
trade  school,  I  refer  to  an  institution  in  New  Jersey,  where  there 
were  but  two  industries  engaged  in — making  of  locomotives  for 
the  boys,  and  the  silk  industry  for  the  girls. 

It  seems  to  me  that  the  weakness  of  the  present  system  is 
due  to  the  separation  of  the  two  classes  ;  the  men  brought  up  in 
the  trades,  and  the  men  educated  for  professions  at  the  uni- 
versities. 

I  had  some  conversations  some  time  ago  with  an  engineer 
in  charge  of  a  large  mechanical  industry  in  this  city,  and  he  told 
me  that  it  was  next  to  impossible  to  get  intelligent  young  men 
who  would  take  an  interest  in  some  of  the  trades,  for  example, 
m  foundry  work.  He  thought  it  would  be  a  great  opening  for 
any  young  man  to  devote  himself  to  such  work,  and  become  a 
leader  in  that  line. 

Regarding  the  school  system,  it  would  appear  that  the 
child's  time  is  considered  as  a  by-product,  something  to  be 
treated  as  having  little  value.  If  it  were  possible  to  include  in 
the  studies  a  few  things  that  would  be  of  vital  importance  to  the 
young  apprentice,  at  the  same  time  allowing  a  good  sound 
knowledge  of  the  English  language,  no  doubt  much  of  the  time 
spent  in  lengthy  parsing  of  verbs  could  be  devoted  to  instruc- 
tion that  would  help  the  boy  in  the  trade  work  of  after  years. 


BOOK  REVIEWS. 

Heat  Engines  (being  a  new  edition  of  "Steam")  by  William  Rip- 
per;   Longmans.   Green   &   Co..   1909;  cloth. 

The  character  of  this  little  work  of  some  312  pages  is  fairly- 
well  set  forth  in  the  preface  where  the  author  states  that  it  "has 
been  written  as  an  introductory  text  book  for  the  use  of  engin- 
eering students,  and  more  especially  for  those  who  already  have 
some  practical  acquaintance  with  the  manufacture  and  use  of 
machinery."  It  originally  dealt  only  with  steam  machinery,  but 
the  present  edition  includes  internal  combustion  engines  as  well. 

The  whole  problem  of  the  production  and  use  of  steam  is 
dealt  with  in  a  very  elementary  way,  beginning  with  the  gen- 
eral effects  and  transfer  of  heat,  the  properties  of  steam,  and 
passing  on  to  the  steam  engine.  The  various  parts  and  acces- 
sories of  a  steam  engine,  including  the  details  of  the  machine 
itself  such  as  the  valve  gear,  the  crank,  cylinder,  governor,  etc., 
are  then  discussed  along  with  the  various  types  of  condensers 
in  use. 

The  compound  engine  is  treated  with  a  fair  degree  of  com- 
pleteness. One  might  have  expected  a  somewhat  more  complete 
treatment  of  the  indicator  than  has  been  accorded  it,  but  as  the 
book  is  intended  to  be  introductory,  probably  no  more  space 
could  be  allotted  for  this  purpose. 

The  chapters  on  the  boiler  and  combustion  are  well  arrang- 
ed to  give  a  knowledge  of  the  conditions  of  combustion  and 
economy. 

The  last  two  chapters  deal  wdth  the  steam  turbine  and  the 
mternal  combustion  engines,  and  the  book  concludes  with  a  series 
of  helpful  questions  bringing  out  the  essential  features  of  the 
various  chapters.  On  the  w^hole,  the  book  is  well  illustrated,  and 
should  serve  as  a  very  good  treatise  for  the  beginner,  and  should 
also  be  helpful  to  the  practical  man.  A  number  of  problems  are 
worked  out  through  the  book,  and  they  are  all  put  in  such  form 
that  a  knowledge  of  arithmetic  is  sufficient  to  understand  them 
completely. 

Reviezucd  by  R.  IV.  Angus,  B.A.,  Sc,  Professor  of  Mechanical  En- 
cincerin^. 
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EDITORIAL 

Applied  Science  begins  it  fourth  year  with  the  publication 
of  this  number.  The  new  horse  between  the  editorial  shafts  does 
not  purpose  making  any  material  change  in 
Introduction  the    direction    of     the      journal's      progressive 

'lo-'ii  course.     Comparing  it  with  his  concept  of  the 

labor  necessary  to  begin,  three  years  ago,  he 
finds  it  now  an  easy-turning  vehicle.  Rocks  and  ruts  that  rose 
prodigiously  large  then,  are  hidden  now  in  dust. 

For  all  this  the  graduates  of  the  Faculty  of  Applied  Science 
owe  much  to  the  former  editor-in-chief,  for  the  arduous  effort 
and  enthusiasm  which  the  success  of  Applied  Science  during  the 
past  three  years  bespeaks.  On  behalf  of  them  we  wish  Mr. 
Mackenzie  at  least  the  same  measure  of  well-merited  success  in 
his  new  undertakings  that  they  have  seen  the  journal  experience 
while  under  his  supervision. 
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Since  its  debut,  Applied  Science  has  not  failed  as  a  link  of 
communication  and  a  bindino^  tie  between  the  undergraduates 
and  the  alumni.  From  its  pages  the  latter  have 
Co-operation  read  the  papers  delivered  to  the  former  as  mem- 
bers of  the  Engineering  Society.  The  benefit 
derived  thus  has  been  mutual. 

The  journal  has.  in  turn,  profited  by  the  loyal  co-operation 
the  alumni  has  given  it.  The  result  is  a  recognized  leader  in 
the  broadcasting  of  technical  and  engineering  literature. 

Opportunities  for  advancement  are  many,  and  a  voice  from 
its  readers  throughout  its  expansive  field  in  Canada  and  the 
L'nited  States,  in  the  form  of  papers,  discussions,  or  plain,  un- 
varnished criticisms  will  aid  ver}^  materially  in  this  advancement. 

Every  issue  contains  an  article  of  more  or  less  especial  in- 
terest to  every  graduate :  a  problem,  perhaps,  concerning  which 
his  own  candid  opinion  has,  for  some  time,  sought  an  airing:  a 
subject  upon  which  a  paper  may  have  been  commenced,  but 
never  finished,  or  finished  but  never  submitterl.  Let  us  hear 
from  you. 

One  of  the  articles  in  the  make-up  of  this  issue  is  a  synopsis 
of  the  discussion  on  the  problem  of  technical  education,  which 

took  place  at  a  meeting  of  the  Engineers'  Club 
Vacation  Club  on  the  evening  of  Oct.   13th.     It  is  evi- 

Work  dent,  from  a  perusal  of  the  article,  as  well  as 

from  the  study  of  general  industrial  conditions, 
that  the  Commission  on  Technical  Education  has  before  it  in  its 
endeavor  to  produce  an  improvement  along  educational  and  in- 
dustrial lines,  a  task  as  gigantic  as  the  freedom  of  scope  anid 
{)Owers  of  investigation  it  possesses.  Although  the  engineering 
profession  is  but  one  of  the  numerous  branches  subject  to  its  ex- 
amination, it  is.  at  all  events  one  of  the  most  important,  and  as 
some  will  say.  one  of  the  most  needful  of  improvement.  It  may 
be  expected,  therefore,  that  the  Commission  on  Technical  Edu- 
cation will  enact  some  very  helpful  suggestions  as  a  result  of 
its  thorough   investigation. 

One  problem  there  is,  however,  for  which  we  need  scarcely  ex- 
pect from  them  a  speedy  solution,  and  which,  consequentlv.  might 
well  be  considered  by  ourselves,  namely,  that  relating  to  vacation 
work  for  under-graduates.  Every  October  returns  to  us  men 
who  have  spent  the  summer  in  search  for  experience  they  know 
to  be  necessary  for  the  rounding  out  of  their  college  training. 
Every  October  hears  various  opinions  as  to  the  efficiency  of  this 
vacation  work  in  connection  with  the  theoretical  training  receiv- 
ed during  the  college  year.  The  reasonableness  of  the  variety  of 
opinions  is  well  worth  considering.  Would  an  increase  of  thought 
and  consideration  as  to  a  more  satisfactory  combination  of  the 
electrical  course  or  the  mechanical  course,  and  the  vacation  work 
the  student  obtains  be  worth  the  trouble?    Obviouslv  so.  as  this 
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IS  the  only  present  outlet  into  the  broader  channels  of  co-oper- 
ation between  the  course  in.  say,  mechanical  engineering,  and 
the  mechanical  industry  itself.  The  engineer-to-be  must  combine 
theor}^  with  practice  somewhere.  The  complete  undertaking  is 
impracticable  in  the  college  alone,  because  mechanical  equip- 
ment and  methods  of  mechanical  operation  are  too  changeable 
to  be  kept  up-to-date,  since  their  speed  curves  do  not  coincide 
with  that  of  the  financial  resources  of  the  college. 

If  we  step  thirty  yea"rs  backward  we  note  the  establishment 
of  electrical  engineering  courses  as  a  response  to  the  call  of  the 
industry  itself.  The  same  applies  to  the  mechanical  and  other 
engineering  courses — each  the  result  of  demand.  The  technical 
course  is,  in  every  case,  the  servant  to  the  practical  industry. 

Methods  are  being  employed  in  Great  Britain,  in  Germany, 
and  in  the  United  States,  b}-  engineering  institutions,  to  de\-elop 
as  high  a  degree  of  efficiency  as  possible  in  the  service  they  ren- 
der to  industrial  development.  They  do  well  to  utilize  the  vol- 
untary assistance  of  the  manufacturers  themselves,  since  neither 
body  can  alone  substantially  lessen  the  gap  between,  let  us  say, 
the  ideas  occupying  a  student's  professional  mind  upon  leaving 
the  factory  in  September,  and  those  which  slowly  trickle  in  after 
a  few  weeks  in  the  lecture  room.  (The  fact  that  it  requires  sev- 
eral weeks  at  both  ends  of  the  college  year  to  adapt  one's  self 
to  one  line  of  mental  activity  after  having  pursued  another  for 
some  months,  is  in  itself  an  indication  of  a  greater  diversion  be- 
tween them  than  should  exist).  Both  the  employer  and  the  uni- 
versity are  trying  to  bring  into  alignment  these  separate  occu- 
pants of  the  student  brain.  What  they  might  do  working  in 
conjunction  ought  to  be  a  topic  interesting  to  both,  and  would 
undoubtedly  prove  interesting  to  the  under-graduate.  as  it 
would  be  the  means  of  moulding  college  course  and  apprentice- 
ship course  into  a  more  compact  form,  perhaps  lessening  by  a 
year  or  more  the  time  required  at  present  to  complete  both. 

The  shortest  distance  between  the  two  points  of  inexperi- 
ence and  industrial  efficiency  is  along  the  line  of  co-operative 
education.  In  view  of  this,  a  commission  consisting  of  repre- 
sentatives of,  let  us  suggest,  various  firms  in  the  electrical  in- 
dustry, and  of  men  from  the  departmental  stafif  of  the  engineer- 
mg  school  could,  without  making  gigantic  concessions  on  either 
side,  map  out  a  course  of  training  that  would  render  the  students' 
vacation  work  of  more  assistance  to  his  electrical  engineering 
course,  and  thus  of  more  assistance  to  his  industrial  life. 

The  other  departmental  courses  could  be  materially  improv- 
ed bv  much  the  same  procedure. 


OUR  REPRESENTATION   IN  THE  SENATE. 
The  Result  of  October  Elections. 

The  elections  of  a  month  ago  resulted  in  the  re-election  of 
C.  H.  Mitchell,  C.E.,  and  E.  A.  James.  B.A.  Sc.  to  represent 
the  graduates  of  the  Faculty  of  Applied  Science  and  Engmeer- 
ing  -.n  the  seuate  chamber  of  the  L'niversity.     Both  these  _mer. 

have  taken  at  all  times 
a  very  deep  interest  in  tiie 
affairs  of  the  Faculty  of 
Applied  Science,  and  in 
the  progress  in  engineer- 
ing that  its  graduates  are 
aft'ecting  in  the  Domin- 
ion and  elsewhere.  Both 
are  well  qualified,  from 
an  engineering  point  of 
view,  for  the  work  that 
has  been  entrusted  to 
them  b}-  these  graduates. 
Mr.  Mitchell,  and  his 
experience  as  a  practising 
engineer,  are  well  known 
throughout  Ontario,  espe- 
cially in  the  Niagara  Falls 
district,  where  he  spent 
his  first  eight  years  after 
graduating,  in  designing 
and  managing  the  con- 
struction of  various 
municipal  projects,  chief- 
ly Hydro-Electric.  Later 
he  became  chief  of  the 
Mechanical  Department 
of  the  Ontario  Power 
Company.  of  Niagara 
Falls,  which  position  he  retained  until  1905.  Since  that  date 
Mr.  Mitchell  has  been  a  resident  of  Toronto,  a  member  of  the 
consulting  firm  of  C.  H.  and  P.  H.  Mitchell. 

Some  years  ago  Mr.  Mitchell  made  a  tour  of  inspection 
through  Euroi)e.  investigating  the  results  there  of  modern  en- 
gineering practice. 

He  has  been  for  some  time  a  member  of  the  executive  of 
the  Canadian  Society  of  Civil  Engineers,  and  two  vears  ago  was 
chairman  of  its  Toronto  branch. 

Mr.  E.  A.  James  is  a  more  recent  graduate  of  the  l-'acultv  of 
Applied  Science,  and  consct|uently.  is  more  in  touch  perhaps, 
with  tlu'  majority  of  younger  graduates.     He  was  a  member  of 
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the  class  of  '04,  and  in  the  following  year  was  elected  by  the 
Engineering"  Society  as  its  president.  Later  he  became  asso- 
ciated with  several  civil  engineering  enterprises  in  western  Can- 
ada and  in  northern  Ontario,  where  he  was  superintendent  of 
ciated  with  several  civil  engineering  enterprises  in  western  Can- 
Canadian   Pacific  Railway. 

Some  3  years  ago  Mr. 
James  entered  the  field 
of  journalism,  and  as 
managing  editor  of  the 
Canadian  Enginrcf,  has 
e^-idenced  his  ability  by 
the  journaLs  rapid  de- 
velopment into  the  ser- 
vice it  now  renders  to 
the  profession  in  Canada. 

Mr.  James  is  still  ac- 
tively engaged  in  engin- 
eering himself,  being 
town  engineer  for  North 
Toronto.  He  is  an  As- 
sociate Member  of  the 
Canadian  Society  of  Civ- 
il Engineers. 

In  all  there  were  five 
candidates    for    the    two 
senatorial  chairs.    These 
were  C.  H.  Mitchell,  '92, 
of  the   firm   of  C.   H.   & 
P.    H.    Mitchell:     A.    F. 
Macallum,    '03,    engineer 
for  the  city  of     Hamil- 
ton ;  W.  E.  H.  Carter,    98,  of  E.  T.  Carter  &  Co. ;  E.  A.  James, 
"04,  of  the  Canadian  Engineer,  and  T.  H.     Hogg,  of  the  Ontario 
Power  Company,  Niagara  Falls.     To  the  successful  candidates 
Applied  Science  extends  sincere  and  hearty  congratulations. 


C.  H.  Mitchell,  C.E. 
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R.  W.  Leonard,  C.E. 

Reuben  Wells  Leonard,  the  contributor  of  the  first  article 
in  this  number  of  Applied  Science,  is  a  native  of  Brantford.  Ont.. 
and  a  graduate  of  the  Royal  ^Military  College,  Kingston, 
winning  a  silver  medal  in  the  class  of  '83. 

Since  graduating  he  has  followed  his  profession  for  the 
most  part  in  Canada,  but  for  some  little  time  in  the  L'nited 
States  and  in  Central  America,  taking  up  railway  construction, 
mining,  and  water  power  engineering. 

For  two  vears  following  graduation.  Mr.  Leonard  was  in- 
strument man  and  engineer  in  charge  of  construction  on  the 
Canadian  Pacific  Railway  north  of  Lake  Superior.  In  1885  he 
served  in  the  North-West  Rebellion  on  ^■arious  stafif  appoint- 
ments. Later  he  acted  as  engineer  on  Canadian  Pacific  Rail- 
way surveys  and  construction  work  in  ^^lanitoba  and  Ontario. 

From  1886  to  1890  he  was  chief  engineer  for  the  Cumber- 
land Railway  and  Coal  Company,  of  Nova  Scotia.  For  the  fol- 
lowing sixteen  years  Mr.  Leonard  has  served  as  engineer  and 
manager  of  construction  on  various  portions  of  the  Canadian 
Pacific  Railway  from  Quebec  to  British  Columbia,  on  the  St. 
Lawrence  and  Adirondack  Railway,  on  the  Rutland  Canadian 
Railway,  on  the  Cape  Breton  Railway,  and  as  contractor  on  the 
Parry  Sound  Railway. 

In  water-power  engineering  he  has  constructed  hydro- 
electric plants  at  Niagara  Falls.  Ont.,  near  St.  Catharines,  Ont.. 
and  for  the  Kaministiqua  Power  Company  at  Kakabeka  Falls. 
Ontario. 

In  1906  the  Coniagas  AFines,  in  which  Mr.  Leonard  has  a 
controlling  interest,  created  no  small  stir  in  the  mining  world, 
and  carried  away  much  of  his  attention  from  his  civil  engineer- 
ing projects.  About  this  time  he  built  a  smelter  at  Thorold 
for  the  refining  of  silver  ores.  In  1909  he  became  actively  in- 
terested in  the  copper  claims  at  Bruce  IMines.  Ont..  in  which 
wiirk  is  being  carried  on  briskly  at  present. 

Mr.  Leonard  is  president  and  general  manager  of  the  Coni- 
agas Mines,  Limited,  with  its  subsidiary  enterprises,  the  Coni- 
agas Reduction  Company,  at  Thorold,  and  the  Redington  Rock 
Drill  Company.  He  is  likewise  president  of  the  Bruce  Mines. 
Limited.  He  is  vice-president  of  the  Canadian  Societv  of  Civil 
I^ngineers,  and  vice-president  of  the  Canadian  ^fining  Institute. 

Last  spring  Mr.  Leonard  received  an  appointment  to  the 
l)Oard  of  Governors  of  the  L'niversitv  of  Toronto. 


llerboit  Johnston,   "03,  is  town  engineer  for   I'.erlin.  Ont. 
A.  A.  Ridlcr,  '07.  is  with  the  Constructing  and   Paving  Co.. 
Toronto. 


ENGINEERING  SOCIETY. 

As  in  previous  years,  the  Socict}-  executive  is  alternating  its 
general  meetings  with  others  for  the  different  departments.  This 
plan  has  met  with  much  success,  since  it  was  inaugurated,  in 
providing  papers  and  discussions  that  sustain  the  interest  of  all 
the  members. 

The  first  general  meeting  for  the  yeav  was  held  on  Wednes- 
day, Oct.  5th.  It  was  addressed  by  President  Falconer,  Dean 
Galbraith,  and  R.  ^^^  Leonard.  C.E..  and  was  attended  by  quite 
a  number  of  the  graduates,  in  addition  to  a  full  attendance  of 
student  members. 

The  resignation  of  ^^'.  A.  Gordon,  '10,  newlv-appointed 
treasurer  for  the  Society,  was  accepted,  and  the  ensuing  nomin- 
ation resulted  in  the  election  by  acclamation,  of  j\i.  B.  Gor- 
don. '10. 

On  Oct.  19th.  the  various  sectional  meetings  of  the  Society 
were  held.  The  electrical  and  mechanical  sections  heard  Mr. 
H.  W.  Price,  the  civil  and  architectural  sections,  Mr.  T.  R. 
Loudon,  while  the  chemists  and  miners  were  addressed  b}^  H. 
L.  Batten.  '11. 

On  \\ednesday.  Nov.  2nd.  Mr.  T.  Aird  ^lurray.  C.E.,  spoke 
to  those  present  at  the  general  meeting  on  "Water  Purification." 

His  interesting  and  instructive  paper  was  well  illustrated 
by  slides. 

On  Monday,  Oct.  24th  the  men  of  the  fourth  year  went  to 
Xiagara  Falls,  and  investigated  the  various  hydro-electric  in- 
stallations there.  The  excursion  was  in  charge  of  Professor 
Angus  and  Mr.  Price,  and  was  taken  advantage  of  bv  over  one 
hundred  men. 


WHAT  OUR  GRADUATES  ARE  DOING. 

This  section  is  conducted  with  a  double  object  in  view:  first, 
to  give  the  graduate  professional  news  of  each  other ;  second, 
to  give  the  undergraduates  an  idea  of  the  possible  fields  of  em- 
ployment  open  to  them  in  the  future. 

\V.  A.  Gordon.  'lo.  is  in  business  at  Sundridge,  Ontario,  as 
a  member  of  the  firm  of  Gordon  &  Thornton,  lumber  merchants. 

Guy  ^lorton,  '09,  and  R.  S.  Davis,  '07,  are  managing  the 
Calgary  branch  of  the  Canadian  Westinghouse  Co. 

C.  J.  Porter,  '09.  is  with  the  R.  C.  Electric  Railway  Co., 
\  ancouvcr. 

Gordon  Kribs,  '05,  is  with  Smith,  Kerry  &  Chace,  as  man- 
ager of  their  newly-opened  branch  in  Portland,  Oregon. 

A.  A.  Kinghorn,  '07,  is  in  the  Roadways  Department.  City 
Hall,  Toronto. 

W.  D.  Black,  '09,  is  with  the  Otis-Fensom  Elevator 
Co.,  as  superintendent  of  their  eastern  branch,  with  headquar- 
ters in  Montreal. 

E.  A.  Jamieson.  To,  is  C.P.R.  inspecting  engineer  for  the 
Okanagan  district.  Kamloops,  B.C. 

T.  A.  AIcElhanney,  To,  is  on  geological  government  work  in 
\  ancouver. 

.\  Gillies,  "07,  is  resident  engineer  on  the  construction  of  a 
power  plant  at  Minnedosa,  Man. 

A.  J.  AlcPherson,  '93.  has  been  appointed  munici])al  com- 
missioner for  Regina,  Sask. 

E.  L.  Cousins,  '06,  is  assistant  eng'ineer  for  the  city  of 
Toronto. 

W.  G.  Turnbull.  '09,  and  P.  T.  McOuaig,  '09,  are  in  Mil- 
waukee. Wis.,  with  the  Allis,  Chalmers  Co. 

Leslie  R.  Thomson,  '05,  has  been  appointed  lecturer  in 
drawing.  University  of  Manitoba. 

F.  F.  Wilson.  '09,  is  with  a  Mitchell  survev  partv  at  Smokv 
Lake,  Alberta. 

George  A.  Tipper,  '09,  is  also  on  survey  work,  with  .A.  L. 
McNaughton,  D.L.S.,  at  Heatherwood,  Alberta. 

H.  W.  Fairlie,  To.  has  accepted  an  appointment  with  the 
Tungstolicr  Compan}-.  of  Canada,   Limited. 

Wilfred  C.  Cole,  To,  is  with  the  Central  Colorado  Power 
Company,  in  their  Shoshone  hydro-electric  plant,  on  the  Grand 
River,  Colorado.  This  company  is  supplying  the  city  of  Denver 
with  the  major  part  of  its  lighting  and  power  requirements  by 
a  transmission  'ine  150  miles  in  length,  over  the  Rockies.  The 
power  is  supplied  at  100,000  volts. 
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G.  E.  W'oodley,  'lo,  has  since  graduating,  been  with  the 
Westinghouse    Electric   and    Mfg.    Co.,    East    Pittsburg. 

C.  R.  INIcCollum,  '09,  and  AV.  J.  Mcintosh,  '09,  are  in  the 
employ  of  the  Otis-Fensom  Elevator  Co. 

C.  E.  Toms,  '09,  is  with  a  survey  party  in  British  Columbia. 

G.  E.  McLennan,  '10,  and  A.  S.  Mc Arthur,  '09,  are  on  D. 
L.S.  work  near  Prince  Albert. 

G.  E.  D.  Greene,  09,  is  on  railway  survev  work  in  eastern 
Ontario. 

Othmer  Ross,  '10,  is  in  the  draughting  office  of  the  Domin- 
ion Bridge  Co.,  Lachine. 

Among  the  recent  staiT  appointments  in  the  Faculty  of 
Applied  Science  and  Engineering  are  the  following : 

H.  E.  T.  Haultain,  C.E.,  has  been  appointed  Professor  of 
Mining. 

J.  J.  Traill,  '05,  and  AV.  W.  Gray,  "04,  have  been  appointed 
lecturers  in  mechanical  engineering. 

J.  A.  Stiles,  '07,  and  R.  E.  W.  Hagarty,  '07,  are  demonstrat- 
ors in  drawing. 

^\^  C.  Blackwood,  '06,  is  demonstrator  in  the  department  of 
physics. 

N.  H.  Manning,  '09,  has  been  appointed  demonstrator  in 
thermo  dynamics. 

H.  A.  Cooch,  '09.  is  demonstrator  in  the  department  of 
electrical  engineering. 

J.  T.  Eagergren,  formerly  of  Sweden,  has  been  appointed 
lecturer  in  machine  design,  and  is  in  charge  of  the  draughting 
room  work  of  that  department. 

J.  E.  Keppy,  '06,  has  accepted  a  position  on  the  staff  of  the 
Canadian  Inspection  Bureau. 

A.  U.  Sanderson,  '09,  is  at  present  at  work  on  the  new 
filtration  plant. 


I 


OBITUARY. 

It  is  with  sorrow  tbat  we  report  to  our  rraders 
the  deatK  of  H.  S.  Fierheller,  B.A.  Sc,  a  member 
of  the  class  of  06,  which  took  place  at  his  home  in 
Toronto  in  Mav,  1910. 
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THE   PURIFICATION    OF   PUBLIC   WATER   SUPPLIES. 

T.  AIRD  ^lURRAY,  C.E.,  M  Can.  Soc.  C.  E. 

Professor  H3-de  in  a  recent  report  upon  a  water  supply 
for  Sacramento,  assumed  that  the  question  of  quantity  was  of 
much  more  importance  than  the  question  of  quality  in  the  first 
instance.  It  is  taken  for  granted  that,  no  matter  w^hat  the 
cjuality  may  be  in  the  raw  state,  as  long  as  the  quantity  is  suffi- 
cient to  meet  all  future  wants,  the  eventual  quality  can  be  guar- 
anteed by  the  adoption  of  purification  methods. 

Xow  this  assumption  as  a  basis  for  a  report  on  a  probable 
water  supply  has  onh'  been  made  possible  of  late  years.  Cus- 
tom was  at  one  time  to  insist  upon  an  analysis  of  any  probable 
water  supply,  and  on  the  strength  of  that  analysis  to  either 
accept  or  disregard  it.  This  custom,  however,  is  now  subject 
to  certain  cjualifications. 

^^"e  know  that  no  community  can  grow  beyond  its  available 
pure  water  supply.  Pure  water  is  an  absolute  necessity  to  a 
community.  If  we  have  an  island  containing  no  potable  water, 
no  man  can  exist  on  that  island.  If  there  is  only  water  for  one 
man,  then  one  man  only  can  exist,  and  so  on.  Xo  matter  what 
latent  wealth  that  island  may  contain,  Avithout  potable  water 
or  the  means  of  delivering  potable  water,  that  wealth  is  useless. 

So  in  Canada  where  we  have  great  areas  of  land  wealthy 
almost  beyond  measure  in  productive  fertility,  the  realization  of 
such  wealth  is  subject  to  the  supply  of  potable  water.  There  are 
town  sites  on  the  prairie  which  can  never  become  practically 
more  than  town  sites  ;  there  are  villages  which  cannot  become 
towns;  towns  which  cannot  become  cities,  and  cities  which 
cannot  grow  beyond  a  limited  population,  because  of  the  fixed 
(|uantity  of  available  pure  water. 

At  the  present  day  the  amount  of  available  pure  water  is 
much  greater  than  it  was,  say.  ten  years  ago :  because  w^e  now 
know  of  efficient  means  by  which  impurities  either  inorganic 
or  organic  can  be  removed  from  water,  and  sd  water  which  at 
one   time    would,    on    analysis,   liave    remained    condemned    may 
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now  be  classed  as  potable.  This  is  the  meaning  of  Profess'^r 
Hyde's  assumption.  We  can  now  go  straight  for  quantity 
leaving  the  question  of  quality  to  be  taken  care  of  as  an  after- 
thought. This  does  not  mean  that  quality  has  no  bearing  on 
the  choice  in  the  first  instance.  It  only  means,  as  it  did  at 
Sacramento,  that  although  a  pure  ground  water  supply  existed 
in  territor}-  to  the  south  east  of  the  city  estimated  at  20  million 
gallons  per  day,  that  Hyde  advised  the  city  to  pump  from  a 
polluted  river  source  with  an  unlimited  supply  which  would 
meet  the  probable  growth  of  the  city.  In  fact,  the  original  pure 
water  supply  would  have  limited  the  city  growth,  wdiereas  the 
al)undant  originalh-  impure  supply  satisfied  an  unlimited  city 
growth.  A  few  years  ago  the  growth  of  Sacramento  w^as 
limited,  b}-  means  of  our  newer  knowledge  of  treating  impure 
w^aters,  its  growth  is  now  unlimited. 

As  to  the  modern  requirements  of  a  pure  water  supply, 
allow  me  to  quote  from  Hyde's  report  above  referred  to: — 

(a)  The  supply  must  be  abundant  and  unfailing. 

(b)  The  water  must  be  free  from  pathogenic 
germs. 

(c)  The  water  must  be  free  from  those  allied 
organic  forms  which  may  not  as  yet  be  recog- 
nized as  accompan3'ing  disease,  but  which 
may,  nevertheless,  not  be  conducive  to  health. 

(d)  The  water  must  not  be  discolored. 

(e)  The  water  must  at  all  times  be  free  from 
taste  and  odors. 

(f)  The  water  must  be  uniformly  clear  and  free 
from  turbidity,  both  that  which  may  be  pro- 
duced by  suspended  mineral  matters  and 
that  which  may  be  due  to  suspended  organic 
impurities. 

To  the  above  may  also  be  added  that  water  should  not  contain 
more  than   15  degrees  of  total  hardness  and  5  of  permanent. 

It  is  very  difficult  and  rare  to  obtain  water  which  meets  all 
of  the  above  requirements.  Settled  large  basins  of  water 
present  the  nearest  approach  to  the  ideal.  Almost  all  rivers, 
wdiether  pathogenically  polluted  or  otherwise,  are  apt  to 
present  turbidity  at  times.  Spring  waters,  though  free  from 
turbidity  and  generally  pathogenically  pure,  are  apt  to  contain 
the  salts  peculiar  to  the  strata  in  which  they  are  found,  and 
are  hence  generally  excessivel}^  hard,  and  at  times  even  unfit 
for  domestic  use  unless  artificially  softened. 

It  will  be  impossible  for  me  in  the  limited  time  at  my 
disposal  to  treat  of  methods  for  removal  of  all  forms  of  impuri- 
ties from  w'ater.  I  intend,  therefore,  to  confine  mv  remarks 
more  particularly  to  methods  and  principles  applied  chiefly  for 
the  removal  of  pathogenity. 

Mltration  has  been  and  remains  the  most  generally 
acce])tcd    method    of    purifying    water.       \\"e    know    that    water 
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in  passing  throug-h  the  surface  layers  of  the  earth  very 
quickly  loses  all  trace  of  original  organic  impurities,  and  the 
only  impurities  it  may  contain  must  be  new  ones  picked  up 
by  contact  with  the  earth.  It  is,  therefore,  apparent  that  if 
we  can  artificially  reproduce  and  improve  upon  the  best  condi- 
tions which  exist  in  earth  surface  layers,  we  shall  produce  a 
method  of  water  purification.  That  method  has  been  evolved 
in  the  system  called  "Slow  Sand  Filtration."  There  is  nothing 
of  a  mysterious  nature,  nothing  of  a  complicated  chemical  char- 
acter, takes  place  with  slow  sand  filtration.  The  whole  process 
simply  amounts  to  a  method  of  straining.  There  are  certain 
engineering  features  connected  with  the  regulation  of  the  water 
as  applied  ;  but  beyond  these,  the  filter  is  simply  a  bed  of  sand 
of  a  given  area  and  thickness  capable  of  allowing  a  given 
quantity  of  water  to  percolate  from  the  surface  to  the  under- 
drains.  The  filters  are  subject  to  constant  saturation,  and  are 
worked  with  a  depth  of  water  covering  the  whole  surface  suffi- 
cient to  overcome  the  friction  produced  by  the  sand.  The 
quantity  of  water  which  can  be  dealt  with  daily  varies  from 
i}i  million  gallons  to  6^  per  acre,  depending  upon  the  quality 
and  character  of  the  raw  water  and  the  size  of  the  sand  grains 
used. 

We  have  said  that  the  whole  process  is  simply  one  of 
straining.  Thus,  it  differs  almost  entirely  from  the  sewage 
niter,  the  object  of  which  is  not  only  to  strain  or  hold  back, 
but  also  to  bring  about  certain  chemical  changes  in  the  filtrate 
Sand  filtration  does  its  most  important  work  on  and  in  the  sur- 
face layer  to  a  depth  of  about  one  quarter  of  an  inch.  The  sand 
pores  are  not  sufficienth^  fine  in  themselves  to  effectually  keep 
back  bacteria.  The  first  few  days'  working  of  a  sand  filter  is 
practically  useless  as  a  means  of  removal  of  pathogenic 
impurities ;  but  as  a  scum  of  matter,  deposited  from  the  water, 
forms  a  carpet  over  the  whole  surface,  bacterial  removal  efifici- 
ency  increases  to  almost  loo^'r.  This  scum  formation  is  the 
peculiar  feature  which  gives  to  slow  sand  filtration  its  unassail- 
able position  as  the  best  mechanical  method  of  removing  patho- 
genity  from  the  water.  Like  all  human  contrivances,  ho^vever. 
it  has  its  drawbacks.  Chief  of  these  is,  that  the  surface  scum 
continues  to  thicken  until  it  becomes  almost  impervious  and 
must  be  removed.  Covered  in  sand  filters  average  in  cost  on 
this  continent  from  fifty  to  sixty  thousand  dollars  an  acre  and 
to  this  must  be  added  cost  of  pumps,  pipe  connections  and  all 
the  other  necessarv  appurtenances.  The  cost  of  operation 
ranges  from  two  dollars  per  million  gallons  at  ^ft.  \'ernon.  X.V.. 
to  almost  six  dollars  at  Lawrence.  Mass. 

Slow  sand  filtration  has  been  termed  the  English  system  of 
treating  water.  It  has  been  adopted  largely  in  Europe  and 
latterlv  in  the  Cnited  States,  and  is  now  being  installed  in 
connection   with  the  water  supply  of  the  City  of  Toronto. 

It  mav  here  be  said  that  the  introduction  of  water  filtration 
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has  uni\ersally  been  followed  by  a  marked  reduction  in  the  so 
railed  water  borne  diseases,  especially  in  the  typhoid  rate.  At 
Ilamburi^-  the  typhoid  death  rate  averaged  47  per  100,000  for 
the  five  years  previous  to  the  installation  of  filters,  and  only  7 
for  the  five  years  following.  At  Zurich,  before  the  introduction 
of  filters  the  typhoid  death  rate  was  69  and  after  filtration  10. 
At  Lawrence.  Mass.,  the  figures  were  113  and  25  under  similar 
circumstances.  At  the  present  time  over  30.000.000  people 
throughout  the  world  are  being  supplied  with  filtered  water, 
more  than  one  third  of  this  number  being  in  Great  Britain. 
London.  Liverpool.  IJirmingham.  Leeds.  Sheffield,  Dublin, 
Leicester.  Newcastle  and  Edinburgh  are  among  some  of  the 
large  cities  in  Great  Britain  using  sand  filters.  In  Europe  we 
have  Hamburg.  Berlin.  Breslau.  Chennitz.  ]^Iadenburg,  Altona, 
St.  Petersburg.  Warsaw  and  Antwerp,  where  such  filters  have 
been  in  successful  operation  for  many  years.  There  are  also 
similar  plants  at  Calcutta.  Bombay,  Agra,  Shanghai.  Hong 
Kong.  Tokyo.  Yokohama.  Osako  and  other  cities.  In  the 
United  States  there  are  slow  sand  filters  at  Philadelphia, 
Pittsburg.  \\"ashington.  Albany  and  many  other  places.  In 
Canada  there  is  one  plant  at  A'ictoria.  B.  C.  The  typhoid 
death  rate  tor  Canada  is  3^  per  ioo.odo.  for  European  countries 
16. 

Slow  sand  filtration  is  an  efifective  method  of  purifying 
water.  It  is  costly  both  in  construction  and  operating  expenses. 
It  requires  exact  and  carefu!  management:  this  applies  to  ail 
methods  of  water  purification.  A  bacteriological  laboratory 
should  be  run  in  connection  with  the  plant.  It  is  in  every  sense 
more  suited  to  wealthy  and  large  communities  than  to  small. 

There  is  another  form  of  filtration  more  distinctly  American 
called  "mechanical"  or  "rapid  filtration."  This  system  at  once 
appeals  to  the  layman  because  of  the  small  space  it  occupies. 
\Vhereas  slow  sand  filters  will  treat  on  the  average  23^  million 
gallons  per  da\-.  rapid  filters  average  120  million  gallons  per 
day.  The  sand  used  is  coarse  grained,  and  efficiency  in  puri- 
fication depends  not  so  much  upon  the  filter  itself,  as  upon 
preliminarv  sedimentation  accompanied  b\-  the  use  of  a  coagu- 
lant. The  filters  are  generally  installed  in  units  equal  to  about 
a  hundreth  part  of  an  acre.  High  purification  efficiencies  are 
obtained  by  technical  care  in  regard  to  proper  working  and 
the  scientific  application  of  the  coagulant.  Generally  speaking 
the  bacterial  removal  efficiency  is  below  that  of  slow  sand 
filters.  The  makers,  and  there  are  many,  do  not  as  a  rule 
guarantee  a  remoxal  of  more  than  97%  of  total  bacteria, 
whereas  99 // .  and  over,  removals  are  looked  for  with  slow  sand 
filters.  The  temptation  to  use  mechanical  filters  in  this 
country  is  very  great,  as  they  can  be  installed  easily  in  a  build- 
ing in  connection  with  the  jjump  plant  and  so  guiarded  from 
severe  frost. 

With  reference  to  the  use  of  a  coagulant  I  will  quote  from 
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a  report  of  the  "Joint  Special  Committee  to  examine  and  report 
relative  to  the  pollution  of  \A'ater  Supply,  and  the  best  method 
of  filtration",  City  Document  No.  15  of  the  city  of  Providence. 
R.  I.,  as  follows : — 

"If  the  diameter  of  matter  floating  about  in  water  is  much 
less  than  that  of  the  interstices  between  the  grains  of  sand 
composing  the  filter  bed,  such  matter,  except  as  much  as  is 
caugdit  upon  the  sharp  edges  of  the  quartz,  will  go  right  through 
the  filter  with  the  water. 

"Now,  if  a  substance  could  be  introduced,  drop  by  drop, 
into  the  water  before  it  comes  to  the  filter  bed,  w)hich  would 
have  the  efifect  of  curdling  the  matter  together,  so  that  everv 
one  hundred  or  so  of  the  smaller  particles  were  made  to  join 
together  and  become  one  large  particle,  much  as  vapor  or 
steam  is  condensed  into  drops,  it  would  follow  that  they  would 
be  caugiht  and  held  from  going  through  the  filter.  This  is 
accomplished  by  adding  alumina  (alum)  to  the  water  as  it 
flows  to  the  filter. 

"The  amount  required  is  from  almost  none  at  all  to  about 
three  quarters  of  a  grain,  according  to  the  state  of  the  water, 
say,  an  average  of  from  one  quarter  to  one  half  grain  per  gallon 
in  the  ordinary  condition  of  the  Pawtucket  River  water. 

"The  action  is  the  same  as  when  colTee  is  cleaned  bv  means 
of  the  white  of  egg.  No  vxdiite  of  the  egg  goes  to  the  drinker 
of  the  coft'ee — it  is  all  drained  ofif  with  the  grounds  ;  and  as  no 
alum  goes  to  the  drinker  of  the  water,  it  unites  with  the  im- 
purities in  the  water  and  settles  in  featherv  flakes  of  insoluble 
hydrate  on  the  top  of  the  filter,  and  is  washed  out  with  its 
accumulation  of  impurities  when  the  filler  is  cleaned. 

"The  analysis  of  the  purified  water  shows  no  trace  of  the 
alumina  used,  while  the  analysis  of  the  wash  water  shows  that 
the  alumina  is  all  washed  out  with  other  impurities.  This 
feathery  bed  of  precipitate  flakes  produced  by  the  alum  forms  a 
filtering  media  of  insoluble  mineral  matter  which  is  well  nigh 
perfect  in  its  character.  Bacteria  are  like  the  very  fine  particles 
of  clay  of  some  water,  so  small  as  to  pass  the  sand  or  quartz, 
but  they  are  caught  by  the  feathery  precipitate  of  alumina 
hydrate,  much  as  the  bacteria  contained  in  air  are  prevented 
from  entering  a  phial  closed  with  sterilized  wool." 

So  we  see  that,  first,  as  in  the  case  of  the  slow  sand  filter, 
so  with  the  mechanical,  bacterial  removal  efficiency  does  not  so 
much  depend  upon  the  filtering  material  itself  as  upon  an  arti- 
ficial surface  or  blanket  being  formed. 

One  of  the  most  successful  installations  of  mechanical 
filtration  is  that  at  Harrisburg,  Pa.  The  average  bacterial 
removal  is  above  99%,  being  99.62%  for  the  year  1908. 

Now  the  assertion  may  be  made  that  these  methods  of 
filtering  water  are  not  perfect.  Efficiencies  are  given  of  some- 
thing over  Qty'r.  but  what  about  the  remaining  bacteria,  the 
percentage      numl)er      of     which       must     depend         upon     the 
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orii^inal  number  to  start  with.  For  instance  there  were  days 
last  year  when  the  Harrisburg  water  presented  as  many  as 
85.250  bacteria  colonies  per  c.c.  Now  a  99  per  cent,  removal 
would  yet  leave  over  800  bacteria  per  c.c.  in  the  water. 

The  answer  to  the  above  assertion  is  contained  in  the  one 
word  "sterilization."  If  a  water  is  so  impure  frorn  a  pathogenic 
point  of  view  that  it  requires  to  be  filtered  and  it  is  necessary 
to  guarantee  it  at  all  times  then  "disinfection",  or  "sterilization" 
as  it  is  sometimes  called,  must  form  a  final  adjunct  to  any 
filtration  process.  This  principle  has  been  recognized  for  some 
time  in  Europe  as  illustrated  by  the  number  of  ozone  treatment 
plants  which  have  been  added  to  filtration  plants.  In  many 
of  the  European  rivers  the  bacterial  counts  run  so  high,  that 
it  is  impossible  to  obtain  by  any  method  of  filtration  results 
which  come  anyway  near  the  recognized  standard  for  filtered 
water,  viz,  not  more  than   100  bacteria  per  c.c. 

The  principle  is  also  being  recognized  in  this  continent. 
Nashville.  Minneapolis,  Ouincy,  New  Jersey  and  many  other 
towns,  even  including  Harrisburg,  have  adopted  methods  of 
disinfecting  the  water,  while  in  Canada  we  have  several 
temporary  plants  installed  in  Toronto.  Montreal.  Pembroke  and 
several  in  \\'estern  Canada. 

Disinfection  by  ozone  has  not  as  yet  found  much  favor  in 
this  continent,  the  disinfectant  chiefly  used  being  chlorine 
obtained  from  chloride  of  lime.  With  the  Siemens,  Halske  & 
De.  Fries  system,  efficient  disinfecting  results  can  be  obtained 
with  ozone.  The  process,  however,  of  forcing  contact  between 
the  ozone  and  the  water  is  expensive,  and  even  in  cases  as  at 
St.  Maur,  Paris,  costs  more  than  the  production  of  the  gas.  The 
difficulty  arises  owing  to  the  fact  that  ozone  is  practicallv  an 
insoluble  gas  in  water,  hence  the  difficulty  of  obtaining  contact 
with  every  drop  of  vv^ater.  In  the  case  of  chlorine  in  the  form 
of  hypochlorite  we  have  a  salt  which  is  soluble  in  water,  and 
which  if  properly  mixed  reaches  ever}-  particle  of  water.  The 
well  known  disinfecting  action  of  chlorine  depends  upon  its 
power  of  combining  with  the  hydrogen  of  water  and  liberating 
the  oxygen  ;  thus  CL2+H20=2  HCL+O. 

This  atom  of  oxygen  is  said  to  be  nascent  at  the  time  of 
liberation  and  in  this  form  acts  as  a  most  powerful  disinfectant. 
The  bleaching  power  of  chloride  of  lime  is  due  to  the  same 
reaction.  As  long  as  the  lime  is  kept  dry  it  has  no  bleaching 
action,  but  when  in  contact  with  moisture  the  reaction  at  once 
takes  place. 

'ilie  high  disinfecting  efficiencies  obtained  by  mixing 
chlorine  with  water  has.  of  late,  brought  it  into  great  favor  as 
a  temporary  expedient  in  cases  of  typhoid  outbreaks  due  to 
impure  water.  The  plant  necessary  for  treatment  can  be  fixed 
up  practically  in  one  day.  The  cost  is  a  mere  bagatelle,  and 
the  operating  expenses  run  abottt  50  cents  per  1,000.000  gallons 
of  water  treated. 
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The  plant  need  not  consist  of  any  more  elaborate  detail 
than  two  or  three  60  gallon  casks  with  a  small  tank  supplied 
with  a  ball  cock  to  maintain  a  constant  head  fitted  with  a 
regulating  tap  at  the  orifice. 

Hypochlorite  is  most  economically  and  readily  obtained 
from  chloride  of  lime,  the  lime  containing  on  the  average  about 
T,;^  per  cent,  of  available  chlorine.  It  is  usual  to  mix  in  the 
barrels  a  one  per  cent,  solution  of  the  lime  with  water,  viz.,  at 
the  rate  of  i  lb.  of  chloride  of  lime  to  100  lbs.  or  10  gallons  of 
water.  The  lime  settles  out  as  calcium  hydrate,  and  the  liquid 
is  led  to  the  orifice  tank  from  which  it  is  dosed  into  the  water 
supply  in  the  necessary  proportion. 

The  proportions  of  available  chlorine  to  the  amount  of 
water  requiring  disinfection  varies  with  the  character  of  the 
water.  Turbid  water  and  water  containing  considerable 
amounts  of  vegetable  matter  require  much  more  c'hlorine  than 
waters  which  are  practically  free  from  these  conditions. 
Ontario  Lake  water  as  normally  represented  by  the  quality  at 
the  intake  is  efficiently  disinfected  by  the  addition  of  .;^^  parts 
of  available  chlorine  to  1,000,000  parts  of  water.  Some  waters 
require  not  more  than  .15,  while  others  will  practically  eat  up 
chlorine  before  it  has  any  chance  to  act  as  a  germicide.  The 
reason  for  this  variation  is  the  affinity  of  organic  matter  to 
oxygen.  No  hard  and  fast  rule  can,  therefore,  be  laid  down 
for  its  application.  AMiere  a  water  may  vary  in  condition, 
relative  to  turbidity  and  organic  content,  so  the  amount  of 
chlorine  must  also  be  varied.  The  application  is  not  dependent 
upon  any  hard  and  fast  rule,  but  must  be  based  upon  a  scientific 
knowledge  of  degrees  of  cause  and  effect. 

A  water  which  can  be  most  efficiently  treated  with  any 
disinfectant  which  relies  upon  nascent  oxygen,  should  present 
constant  conditions.  If  these  constant  conditions  are  not 
peculiar  to  a  raw  water,  then  they  should  be  assured  by  some 
preliminary  treatment  before  the  disinfectant  is  applied.  The 
preliminary  treatment  may  take  the  form  of  sedimentation,  slow 
sand  filtration,  mechanical  filtration,  or  a  combination  of  sedi- 
mentation and  filtration,  depending  upon  local  conditions.  This 
practically  means  that  in  the  majority  of  cases  disinfection  is 
not  likely  to  supersede  the  accepted  general  methods  of  puri- 
fying water,  but  that  it  will  merely  form  an  adjunct  or  final 
process,  by  which  any  water  can  be  absolutely  guaranteed  as 
free  from  disease  germs. 

The  introduction  of  disinfecting  processes  will  probably  in 
the  future  tend  to  a  more  favorable  acceptance  of  rapid  filter 
methods  rather  than  slow  methods.  The  main  reason  as  wo 
have  seen,  for  a  preference  for  slow  sand  filtration  as  against 
mechanical  filtration,  has  existed  in  the  hig'her  efficiency  of  the 
former  as  a  germ  remover.  Our  newer  knowledge  that 
water  of  a  constant  character,  as  turned  out  by  a  mechanical 
filter,  can  be  sterilized  at  a  small  cost,  has  caused  many  of  the 
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advocates    of    slow    sand    filtration    to    reconsider    their    former 
conclusions. 

The  question  has  been  asked,  whether  the  addition  of  hypo- 
chlorite deleteriously  afifects  water  for  purposes  of  domestic 
use.  The  answer  is,  that  the  small  amounts  of  chlorine 
required,  do  not  in  any  way  afifect  the  water.  Where  it  might 
be  necessary  to  use  large  amounts  of  chlorine,  the  w^ater  must 
of  a  necessity  receive  preliminary  treatment  to  allow  of  only 
reasonable  amounts  being  used.  The  author  is  of  opinion  that 
our  present  knowledge  of  the  subject  limits  the  permissible 
amount  of  chlorine  to  about  .50  parts  in  1.000,000. 

At  the  above  rate  of  application  it  would  require  with 
chloride  of  lime  containing  33  per  cent,  of  available  chlorine, 
as  follow's : 

1.5  lbs.  of  chloride  of  lime  to  1,000,000  lbs.  of  water. 

=1.5  lbs.  of  chloride  of  lime  to  100,000  gals,  of  water. 

^15  lbs.  of  chloride  of  lime  to  1.000,000  gals,  of  water. 

In  order  to  make  a  i  per  cent,  solution  sufficient  for 
i.ooo.ooo  gallons  of  water,  it  would  require  the  15  lbs.  of 
chloride  of  lime  to  be  mixed  with  1500  lbs.  of  water,  or  15  lbs. 
of  lime  to  150  gallons  of  water. 

There  is  no  doubt  that  disinfecting  processes  of  water 
treatment  have  come  to  stay,  just  what  form  their  exact  rela- 
tion will  take  up  relative  to  older  methods  being  yet  somewhat 
undecided.  However,  I  have  as  far  as  possible  endeavored  to 
lay  before  you  the  present  situation  relative  to  purification  of 
water  as  far  as  the  removal  of  pathogenit}-  is  concerned.  Time 
will  not  allow  of  entering  into  the  hundred  and  one  other 
impurities  which  it  may  at  times  be  necessary  to  treat.  We 
have  algae  growths,  vegetable  iron  growths,  such  as  ferrigmous 
slime,  spongidae.  all  kinds  of  complications  caused  by  inorganic 
matters  in  solution,  all  of  which  are  interesting  and  capable  of 
remedy. 

Sufficient  is  it.  if  I  have  shown  you  that  waters,  which  at 
one  time  would  have  remained  condemned  as  possible  sources 
of  water  supply,  may  now  be  brought  into  general  use. 
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The  mercury  arc  rectifier  was  first  introduced  to  meet  the 
demand  for  some  device  for  rectifying  from  alternating  to 
direct  current,  economically,  efficiently,  and  without  occupying 
too  much  space  in  the  power  station.  It  is  the  case  in  a  great 
manv  stations  and  substations  at  present  that  only  alternating 
current  machines  are  in  use.  As  a  result,  it  would  necessitate 
a  great  outlay  to  install  direct  current  machinery  to  supply 
d.c.  needs.  In  such  cases  it  is  apparent  that  this  arc  rectifier 
is  to  play  an  important  part  in  the  betterment  of  local  substation 
economics. 

The  first  to  realize  the  rectifying  properties  and  possibil- 
ities of  mercury  was  Mr.  Peter  Cooper-Hewitt,  of  the  Cooper- 
Hewitt  Mercury  Arc  Lamp  Co.,  now  absorbed  by  the  Westing- 
house  interests.  In  his  investigations  he  realized  that  mercury 
was  of  such  a  nature  as  to  permit  of  rectification  from  a.c.  to 
d.c.  In  April  1900,  he  perfected  his  first  rectifier,  the  patents 
for  which  were  secured  in  Jan.  1902. 

At  present  there  are  some  half  dozen  methods  of  obtaining 
direct  from  alternating  current,  all  of  wdiich  have  disadvantages 
connected  with  them.  ]\Iany  of  these  disadvantages  practically 
disappear,  however,  in  the  case  of  the  mercury  rectifier. 

In  the  first  place  the  motor-generator  set  is  quite  frequently 
used  for  the  a.c.  to  d.c.  transformation.  This  however  is  high 
in  first  cost  and  requires  large  floor  space  for  installation.  The 
efficiency  at  full  load  of  sets  of  proper  size  for  charging  vehicle 
batteries  has  been  comparatively  low,  and  at  light  loads  very 
low.  In  the  case  of  high  voltage  d.c.  for  constant  current  series 
arc  lights  it  would  be  impossible  to  obtain  proper  commutation 
on  the  d.c.  machine,  hence  the  operation  of  a  number  of  series 
lights  from  a  motor-generator  set  is  an  impossibility. 

The  single  phase  rotary  converter  is  another  method  of 
rectification.  However,  it  is  not  as  flexi]:)le  as  the  motor-gen- 
erator set,  particularly  as  regards  voltage,  and  it  requires  more 
care  and  higher  intelligence  in  starting  and  operating  it. 
Besides,  as  in  the  case  of  the  motor-generator  set,  we  cannot 
commutate  a  sufificiently  high  d.c.  voltage  to  maintain  a  set  of 
series  arc  lamps. 

Together  with  the  alcove  two  most  important  methods  we 
have  a  number  of  others  which  have  proved  more  or  less  unsati>^- 
factory  under  certain  conditions.  These  include  The  Synchron- 
ous or  Mechanically  Driven  Rectifier,  sometimes  called  the 
Lethuele  Rectifier,  the  Chemical  Rectifier,  in  which  aluminum  is 
the  important  substance,  due  to  its  peculiar  polar  resistance; 
and  Switching  Devices  for  Rectification.     There  are  also  various 
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forms  of  Electrolytic  Rectifiers  involving  substances  such  as 
tantalum,  carborundum,  etc. 

There  are  two  distinct  types  of  mercury  rectifier,  namely, 
low  tension  and  high  tension  types.  The  storage  battery 
charging  outfit  is  a  typical  example  of  the  first  form  where  the 
pressures  run  below  300  volts. 

The  low  tension  set  consists  essentially  of: 

(a)  An  auto-transformer  for  excitation. 

(b)  .A.  direct  current  reactance. 

(c)  The  rectifier  bulb  and  holder. 

(d)  An  operative  panel. 

(e)  A  regulating  reactance. 

The  auto-transformer,  or  compensator  reactance,  as  it  is  some- 
times called,  is  simply  used  to  step  the  line  voltage  up  or  down 
a  sufficient  amount  to  give  the  desired  terminal  a.c.  volts  across 
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the  bulb.  It  consists  in  principle  of  two  coils  of  an  equal 
number  of  turns  connected  in  series  with  one  another,  the 
middle  point  being  connected  through  the  d.c.  load  to  the 
cathode.     This  is  shown  in  Fig.  i. 

In  order  to  smooth  out  the  otherwise  rapidly  fluctuating 
waves  and  also  to  cause  the  instantaneous  current  in  one  anode 
or  cathode  circuit  to  overlap  the  instantaneous  current  in  the 
other  by  a  small  angle  usually  about  20°,  we  have  sometimes 
a  (I.e.  reactance  in  series  with  the  d.c.  load. 
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The  Bulb  and  Holder. 

The  bulb  or  tube  is  a  glass  vessel  exhausted  to  a  high 
degree  and  sealed  at  the  tip,  the  vacuum  being  necessary 
for  the  unimpeded  flow  of  current.  It  is  equipped  with  two 
anodes,  one  cathode,  and  one  starting  anode.  The  cathode  and 
starting  anode  are  filled  with  mercury.  The  production  of  the 
conducting  vapor  takes  place  at  the  surface  of  the  cathode 
from  what  is  known  as  the  cathode  spot.  This  cathode  spot  or 
bubble  continually  wanders  around  on  the  surface  of  the  mer- 
cury  cathode. 

The  size  and  shape  of  the  bulb  depends  almost  entirely  on 
its  capacity  in  amperes  and  volts,  since  it  can  be  easily  seen  that 
higher  voltage  types  require  more  protection  against  spatterings 
of  mercury,  and  the  consequent  injurious  effects  from  this  cause, 
than  the  low  voltage  types :  while  the  cross  sectional  area 
depends  on  the  current  required. 

The  rectifier  bulb  is  supported  at  the  back  of  the  board  by 
a  holder  consisting  of  a  metal  frame  so  pivoted  at  its  centre 
that  it  can  be  rocked  back  and  forth.  The  life  of  the  bulb 
under  normal  operating  conditions  is  at  least  400  hours  unless 
defective  in  manufacture.  In  fact  the  life  of  the  bulb  is  almost 
a  matter  of  guesswork  unless  perhaps  it  refuses  to  operate  at 
all.     Tests  so  far  have  shown  an  average  of 

3000  hours  for  the   10  ampere  tubes. 
2500  hours   for   the   20   ampere   tubes. 
700  hours   for  the   30   ampere   tubes. 

On  the  operating  panel  are  mounted  usnally  voltmeter,  am- 
meter, double  throw  switches  for  connection  to  the  supply  and 
load  circuit,  and  the  necessary  double  pole  and  single  pole 
switches  for  starting  and  operating  the  rectifier.  Fuses  and 
circuit  breakers  are  provided  for  protecting  the  bulb  against 
overloads.  A  starting  resistance  is  mounted  on  one  of  the  pipe 
supports  and  is  connected  in  multiple  with  the  pilot  lamp 
mounted  on  the  front  of  the  board.  The  pilot  lamp  is  used  to 
indicate  that  the  rectifier  is  in  operation,  and  also  acts  as  a 
warning  that  the  starting  resistance  switch  should  be  opened 
as  the  load  is  thrown  on,  as  the  lamp  is  dark  when  the  rectifier 
is  operating  on  the  load  only.  The  necessary  reactance  dials 
are  also  provided.  The  connections  behind  tlie  panel  can  be 
seen  in  Fig.  2. 

A  smoother  or  finer  control  of  d.c.  voltage  as  well  as  cur- 
rent is  obtained  by  a  regulating  device  in  series  with  the  a.c. 
supply  line  and  mounted  on  the  pipe  support  back  of  the  panel. 
It  consists  of  a  coil  wound  on  a  laminated  iron  core,  a  number 
of  taps  are  taken  from  this  coil  and  connected  to  a  semi-dial 
switch  mounted  on  the  panel. 

The  high  tension  series  arc  lighting  type  consists  of  the 
following  apparatus  : 

I.     A  constant   current  transformer. 
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2.  A  d.c.  reactance. 

3.  An   exciting  transformer  for  starting". 

4.  The  rectifier  bulb. 

The  transformer  is  of  the  usual  constant  current  type,  con- 
sisting of  a  three-legged  laminated  magnetic  core,  the  middle 
leg  of  which  is  surrounded  by  two  flat  secondary  coils  fixed  in 
position,  and  by  a  primary  coil  suspended  on  a  rocker  arm. 

The  d.c.  reactance  is  tapped  ofif  the  neutral  of  the  trans- 
former secondaries  which  acts  the  same  as  in  the  case  of  the 
storage  battery  charging  apparatus,  to  store  up  and  give  out 
energy  and  hence  to  smooth  out  the  waves.  The  exciting  trans- 
former consists  merely  of  a  step-down  transformer  exciting  the 
primary.  The  secondary  terminals  are  connected  to  the  cathode 
and  starting  anodes. 

The  high  tension  bulb  is  similar  to  those  described  previ- 
ously although,  being  of  high  voltage,  it  must  necessarily  have 
better  protection  for  its  anodes.  The  entire  apparatus  in  an 
assembled   form    for   arc   lighting   service    is    shown    in    Fig.    3. 


The  large  tank  in  the  cut  is  filled  with  transformer  oil  and 
not  only  provides  for  a  cooling  effect  on  the  bulb  and  other 
portions  of  the  apparatus  but  also  acts  as  a  high  tension  insu- 
lator. About  90°  F.  is  the  best  temperature  for  operation,  the 
lower  limit  being  about  50°   F. 

The  action  or  principle  of  operation  of  the  mercury  rectifier 
is  a  subject  upon  which  experts  seem  to  vary  a  great  deal.  In 
fact  three  distinct  theories  are  developed  for  its  action,  namely, 
the  Steinmetz  arc  theory,  the  Thomas  cathode  resistance  theory, 
and  the  Wagoner  ionization  theory.  Of  these  three  the  Wag- 
oner theory  seems  to  be  the  easiest  to  follow.  It  maintains  that 
the  action  of  the  rectifier  tube  is  based  on  the  production  of 
negatively  charged  ions  at  the  cathode  spot.     These  ions  can  be 
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deprived  of  their  ne.y:ative  charges  only  at  a  positive  electrode. 
Since  there  exists  in  the  tube  no  means  of  producing  negative 
ions  at  the  anodes,  for  the  very  reason  that  there  happens  to 
he  no  mercury  at  the  anodes,  the  current  passes  in  one  direction 
Diilv  in  the  arc  stream.  The  unidirectional  passage  of  current 
is  not  a  property  of  the  mercury  vapor  (which  under  ordinary 
circumstances  is  not  a  conductor  at  all),  but  is  the  result  of  the 
employment  of  ion  producing  cathodes  and  anodes,  which  do 
not  produce  negative  ions,  but  merely  relieve  such  ions  of  their 
charges.  Should  an  ion  producing  spot,  or  cathode  be  estab- 
lished accidentally  on  either  anode,  current  would  pass  or  arcing 
would  take  place  from  one  anode  to  the  other  as  already  des- 
cribed, causing  a  short  circuit  of  the  tube.  The  flow  of  current 
in  ihc  rectifier  can  best  l)e  discussed  with  reference  to  Fig.  4. 
Assume  an  instant  when  the  terminal  H  of  the  supply  trans- 
former is  positive.  Then  the  anode  A  is  positive  and  the  arc  is 
free   to   How   between    A   cK:    ?>.     Following  the   direction   of  the 
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1  lurther  the  current  passes  through  the  load  J. 
through  the  reactance  coil  E,  and  back  to  the  negative  terminal 
on  the  transformer.  G.  A  little  later,  when  the  impressed  E. 
-M.  \\  falls  below  a  sufficient  value  to  maintain  the  arc  against 
ihe  counter  1-:.  AI.  F.  of  the  arc  and  load,  the  reactance  E  which 
has  hitherto  been  charging,  now  discharges,  the  discharge 
current  being  in  the  same  direction  as  formerlv.  This  serves 
to   maintain   the  arc   in   the   rectifier  until   the   E.   M.   F.  of  the 
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^upp  y  has  passed  through  zero,  reverses,  and  builds  up  to  such 
a  value  as  to  cause  A^  to  have  a  sufficientlv  pos  dve  Value    o 
start  an  arc  between  it  and  the  mercury  cathode  B 
th      ^^^^/.^s^charge  circuit  of  the  reactance  coil  E  is  now  throuoh 
the  arc  AJ  B  instead    of    through,    the    former    circuit       Conse 
quently  the  arc  A^  B  is  now  supplied  with  current,  partKt-ron; 
he  transformer  and  partly  from  the  coil   E.     The  new   circu 
trom  the  transformer  is  indicated  by  arrows  enclosed  in  circles 
Methods  of  Starting. 
There  are  several  methods  for  starting  the  rectifier    or  for 
hat'of^tartino'^^'^'^'r  ""'  ^'^^   "^^^^"^'^     ^he  commo,  '  one   i 
he  mercur     nf  th  '^f  .-'^  ^""'2  ^^  ^^^"'^"^^  ^°"t^«  'between 
the  tube  and     h        o          "^  ""^^^  ""''  '^''  ^^^^ode  bv  shaking- 
ahovP  ?c  !  ^^'?^  consequent     vaporization.  '    Or    the 

\  ?1  i>d  in^sfi  "h  Pf  °™"'  automatically  by  magnetic  coil" 
A  tmrd  m  use  i.  the  aluminum  starting-  method— where  a  coat 
ng  ot  aluminum  on  the  outside  of  the  cathode  is  connected 
through  a  condenser  to  the  anode,  causing  the  merair  a,id 
glass  at  the  cathode  to  be  of  opposite  polaHtv  hence  causio- 
sparking  with  resultant  vaporization.  t,ausing 

Frequency  and  Power-Factor. 

reallJ'^th  ^'''i'"'''']''.  P^^^^^ble   on   the   mercurv   arc   rectifier  are 

Ho^.'^it::;d^d  'ot^^r^'?;^  ^°  ^^^'^  ^°  ^^-  trans?:;."; 
&7foSl^  ^i  -ie^ ^-^nr ^je  usu^n;; 

aepend-  ribJ^L^-^a^^LS  ^^^IJ^^/^^f^-^l 

Efficiency 

.n.'   rect'ifier'ove,-";h  ""'"T''^  '"'""">'  '"'  ^'^^  '-"^"-  ^-l'^'"?- 
^'fc>    'CLLuiei    ovei    tile   motor-opnprator   ^^f     i^^  '-i        ^ 

example.     Suppose  each   to°  bf  chargin;;\4  ^e^ll   ball^r^  the 
operation  being  performed  in  accordance^with  com lition    of 'ti     e 
o^  h^TarlJTr 'r'"I"V^-^'  ^'"  "-""^-turer.    %lTlt  p 
Thoiirs      fll  Pffl         ^'  ^?  rP"'"'  ^"^^  ^°^  ^^°lts  (average)  for 
is  62%    anJof  H  \%  °^  '^''  motor-generator  set  at  this    oad 

IS  02/0   and  of  the  rectifier  set  at  the  same  load,  80% 

volts    (avJra'ef  F^'\  °'  '}''  '^''T  ''  ^^    ''  ^"^P^''--   --'    ^08 

he  former  set    s  ^^^"^^  '°^''^'  ^ ''   '"''  ''''   '^'''"'''   °'' 

Lue  lormer  set  is  36%,  and  of  the  rectifier  Si^c 

In  the  motor-generator     set  the     first     nart  nf  tli,.     .u 
requires  ■>2n7  K    w    u^  ^    ,  "        ^'   tHe     charge 

frr.,;  .1  -^•93/^-  \\  •  hours  and  the  second  part  7  ^  K  W  hnur<, 
from  the  service  mains,  or  a  total  of  ^i  J7  K  \v"  1  ^^  •  '^ours 
the  charo-f.  rv.,-,c-;.i  .  '  '^^  '^  '^'^'•ai  01  31-13  t"^.  W  .  hours  durine 
uie  cnarge.  Considering  power  to  cost  6  cents  npr  K  w  u  "^ 
the  cost  per  charge  amounts  to  $1  867  '  '  ^^  "  ^""'"' 

In  the  case  of  the  rectifier,  the  first  section  of  the  charge 
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requires  i8  K.  W.  hours,  and  the  second  part  1.2  K.  W.  hours 
from  the  service  mains,  making  a  total  of  21.7  K.  W.  hours.  At 
6  cents,  the  cost  per  charge  is  $1,302.  This  shows  a  saving  of 
56^4  cents'  per  charge  by  using  the  rectifier. 

Assuming  the  minimum  life  of  the  bulb  to  be  400  hours,  an 
average  of  seven  hours  per  charge  allows  the  bulb  to  experience 
57  charges.  During  this  time  the  total  saving  amounts  to 
$32.20. 

Of  late,  rectifiers  have  been  applied  to  numerous  uses 
besides  those  of  battery  charging  and  constant  current  series 
arc  lighting.  Among  them  are  the  following:  railway  signals 
and  car  lighting,  telegraph  systems,  fire  and  police  alarm 
systems ;  motor-boats,  hotel  annunciators :  chemical  laboratory 
and  electrolytic  work,  electroplating:  surfacing  and  casting 
machines,  elevator  purposes,  etc. 

The  many  advantages  of  the  apparatus,  such  as  simplicity 
of  operation,  economy  of  initial  cost,  high  efificiency  of  conver- 
sion, long  life  of  rectifier  bulbs,  and  fine  gradations  of  current 
adjustment  throughout  the  full  range,  are  increased  by  absence 
of  moving  machinery,  small  space  to  be  occupied,  etc. 

The  outlook  for  the  rectifier  is  brilliant.  Its  advancement 
has  surprised  even  the  most  optimistic  manufacturers.  Should 
its  construction  in  the  future  be  so  imposed  as  to  allow  of  high 
commercial  currents,  it  will  undoubtedly  become  a  central 
station  necessitv. 


WATER  WHEEL  GOVERNORS. 

E.  R.  FROST,  B.A.Sc. 

The  ideal  turbine  governor  would  be  one  that  would  effect 
a  change  in  output  by  varying  only  the  quantity  of  water  sup- 
plied to  the  wheel,  thus  obtaining  perfect  water  economy  bv  con- 
serving unneeded  water  for  future  use.  This  is  not  possible  in 
practice,  as  head  water,  and  therefore  efficiency,  are  usually 
wasted  when  operating  a  wheel  under  other  than  its  normal  load. 

The  success  of  the  comparatively  recent  application  of  hy- 
draulic power  to  the  operation  of  alternators  in  parallel,  and  to 
the  generation  of  current  for  electric  lighting,  street  railway  and 
synchronous  motor  loads  has  been  largely  dependent  upon  the 
possibility  of  obtaining  close  speed  regulation  with  good  water 
economy  and  without  undue  shock  upon  machinery  and  pen- 
stocks, while  working  under  extremely  varying  loads. 

While  the  development  of  automatic  governing  apparatus 
has  been  almost  entirely  experimental,  remarkable  results  have 
been  attained,  so  that  some  of  the  modern  turbine  governors 
under  favorable  conditions  operate  quite  as  well  as  modern  steam 
eno-ine  sfovernors. 
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If  we  consider  for  a  moment  the  problem  of  governing  a 
turbine  we  shall  see  that  it  is  not  at  all  so  simple  a  matter  as 
would  at  first  appear. 

The  conditions  of  the  installation  have  a  marked  efifect  on 
the  difificulties  to  be  overcome  in  turbine  governing.  If  the  wheel 
is  set  in  an  open  flume  having  only  a  short  draft  tube,  so  that 
the  w^ater  flows  to  the  gates  from  every  direction,  the  velocity 
of  flow  from  any  direction  is  very  low.  The  quantity  of  water 
which  moves  at  a  high  velocity  is  confined  to  the  wheel  and 
draft  tube,  and  a  change  in  the  velocity  and  momentum  due  to 
a  change  in  the  gates  produces  no  serious  effects. 

If,  however,  the  water  be  brought  to  the  wheel  in  a  long 
penstock,  and  leaves  in  a  long  draft  tube,  the  conditions  become 
quite  different.  A  large  amount  of  energy  is  stored  up  in  the 
moving  column  of  water,  and  if  an  attempt  is  made  at  too  rapid 
regulation  the  wheel  will  be  left  deficient 'in  energy  when  more 
power  is  desired,  or  when  the  power  is  decreased,  may  produce 
shocks  that  will  seriously  affect  the  regulation  or  may  cause 
serious  damage  to  the  penstock  and  wheel. 

If  the  load  on  the  wheel  is  decreased,  the  velocity  of  the 
water  in  the  penstock  must  be  decreased,  and  vice  versa ;  work 
must  be  done  on  the  water  to  accelerate  it,  and  must  be  absorbed 
to  retard  it.  The  work  required  to  accelerate  the  water  must  be 
obtained  at  the  expense  of  the  work  done  upon  the  wheel.  Thus, 
when  a  load  is  thrown  on  the  unit  and  the  governor  opens  the 
gates,  the  immediate  eft'ect  is  a  decrease  in  the  output  of  the 
wheel,  even  below  its  original  value,  which  is  just  opposite  to 
the  effect  desired.  Unless  energy  in  some  form  is  available  to 
partially  supply  this  deficiency,  the  speed  of  the  wheel  will  fall 
considerably  before  readjustment  to  normal  conditions  can  take 
place. 

In  the  same  way  energy  must  be  absorbed  when  the  load 
is  decreased.  If  this  is  expended  on  the  wheel  the  speed  will 
rise  above  normal.  It  may  be  partly  dissipated  by  such  means 
as  relief  valves  or  standpipes. 

The  water  in  the  draft  tube  must  also  be  accelerated  or  re- 
tarded at  each  change  of  gate  at  the  expense  of  power  output  in 
exactly  the  same  way  as  that  in  the  penstock. 

Since  the  immediate  effect  of  the  gate  motion  is  the  opposite 
to  that  intended,  the  governor  to  work  properly  must  be  made 
to  anticipate  the  amount  the  gate  must  be  moved  to  bring  the 
speed  back  to  normal.  It  must  move  just  this  far,  or  a  little 
farther,  and  then  stop  and  wait  for  the  speed  to  return  to 
normal. 

The  governor  which  does  this  is  said  to  be  "dead  beat,"  or 
is  compensated.  Most  governors  of  the  later  types,  as  will  be 
shown  later,  are  so  constructed  that  adjustments  may  be  made 
to  give  the  degree  of  compensation  desired.  The  speed  of  the 
ordinarv  wheel  is  awav  from  normal  two  or  three  seconds,  and 
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since  the  best  large  hydraulic  governors  can  make  a  full  stroke 
in  two  seconds  or  less,  it  will  be  seen  that  unless  the  governor 
were  compensated  the  gate  would  be  entirely  opened  or  closed 
long  before  the  speed  were  back  to  normal,  with  the  result  that 
the  wheel  would  race. 

The  different  makes  of  governors  are  distinguished  by  their 
different  mechanisms  for  compensating,  and  some  of  them  have 
been  brought  to  such  perfection  that  to  see  one  of  them  operat- 
ing, one  would  almost  think  the  machine  provided  with  brains. 

Before  taking  up  the  construction  of  governors  it  might  be 
well  to  look  into  some  of  the  conditions  effecting  regulation. 

Water  Hammer. — "If  the  closure  of  the  gates  is  rapid, 
the  column  of  water  in  the  penstock  is  set  into  vibrations  or 
oscillations,  which  in  a  long  pipe  under  high  heads  is  very  dan- 
gerous to  the  wheel  and  penstock.  If  the  partial  gate  closure  is 
slow  enough  each  increment  in  pressure  is  gradually  dissipated 
along  the  pipe,  and  the  hammer  is  avoided. 

The  extinction  of  a  velocity  of  four  feet  per  second  at  a 
uniform  rate  in  one  second  in  a  pipe  i,6oo  feet  long  would  create 
a  pressure  head  of  about  200  feet,  or  a  total  longitudinal  thrust 
on  the  pipe  line  at  each  bend  and  upon  the  wheel  gate  of  24 
inches  in  diameter  of  about  20  tons. 

Hence  it  is  seen  that  gate  movements  must  be  sufficiently 
slow  to  avoid  dangerous  oscillatory  waves.  This  has  to  be  de- 
cided for  each  plant  depending  on  the  conditions  existing. 

To  take  care  of  sudden  pressure,  relief  valves  and  stand- 
pij^es  are  often  used. 

In  cases  where  the  head  is  not  very  great,  sa}'  up  to  80  or 
100  feet,  stand-pipes  are  generally  best,  as  they  are  certain  of 
operating,  and  do  not  waste  water.  A  stand-pipe  is  simply  a 
large  pipe  built  upright  from  the  main  penstock  as  close  to  the 
wheels  as  possible.  It  is  open  at  the  top,  so  that  the  water  may 
rise  and  fall  in  it  with  the  variation  in  pressure  in  the  penstock. 
A  stand-pipe  answers  two  purposes:  (i)  As  a  relief  valve,  and 
(2)  as  a  storage  of  energ}-  to  take  care  of  sudden  increases  of 
load  while  the  w^ater  is  accelerating  and  to  dissipate  the  excess 
kinetic  energy  in  the  moving  column  of  water  at  a  time  of  sud- 
den drop  in  the  load.  For  these  purposes  it  should  be  as  near 
the  wheel  as  possible,  and  of  ample  diameter. 

When  the  head  gets  over  100  feet  it  is  impracticable  to  build 
stand-pipes  owing  to  the  cost  of  building  a  structure  high 
enough  and  strong  enough  to  withstand  the  wind  pressure,  and 
also  because  the  inertia  of  the  long  column  of  water  in  the  stand- 
pipe  will  give  rise  to  strains  as  injurious  as  those  they  are  design- 
ed to  relieve. 

A  relief  valve  is  arranged  to  open  when  the  i)ressure  rises 
above  a  set  value  and  allow  water  to  waste  into  the  draft  tube 
or  other  convenient  place.  An  ordinary  valve,  such  as  that  used 
for  steam,  would  open  and  close  so  rapidly  as  to  act  like  a  reed 
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upon  an  organ  pipe,  and  thus  maintain  and  increase  the  vibra- 
tion of  the  mass.  In  order  to  be  at  all  effective  the  valve  must 
be  dead  beat.  Though  it  must  open  quickly,  it  must  close  very 
slowly.  Relief  valves  are  now  made,  generalh-  of  the  hydraulic 
type,  wliich  will  open  instantly  and  take  several  minutes  to 
close,  the  speed  of  action  being,  of  course,  adjustable.  Although 
means  have  thus  been  found  for  relieving  the  penscock  of  exces- 
sively high  pressures,  no  means  have  yet  been  found  for  quickly 
accelerating  the  water  when  because  of  an  increase  in  load  the 
speed  begins  to  fall.  As  already  explained,  when  the  governor 
opens  the  gates,  the  inertia  of  the  mass  cannot  keep  pace  with 
the  increased  demand  for  water,  with  the  result  that  the  pres- 
sure drops,  and  the  speed  of  the  wheel  will  drop  still  farther. 
This  may  continue  for  several  seconds  till  the  water  column  has 
become  sufficiently  accelerated  to  supply  the  needs  of  the  wheel. 

If  the  governor  is  not  made  very  dead  beat  the  gates  by 
this  time  will  be  open  too  wide,  with  the  result  that  the  speed 
will  go  too  high,  causing  the  governor  to  close  the  gates  quickh^, 
so  that  the  relief  valves  will  operate,  which,  of  course,  will  re- 
sult in  very  poor  speed  regulation. 

If  the  governor  is  made  dead  beat  enough  to  avoid  pressure 
oscillation  the  speed  regulation  will  be  poor  if  the  load  changes 
are  large  and  sudden.  It  is  impossible  for  this  to  be  otherwise, 
because  the  column  of  water  cannot  possibly  alter  the  energy 
given  to  the  wheel  fast  enough,  whether  the  gates  be  in  one 
position  or  another. 

The  only  complete  remedy  for  the  troubles  in  speed  regu- 
lation caused  by  excessive  inertia  of  a  water  column  is  some  form 
of  by-pass  valve  directly  connected  with  the  water  wheel  gates 
and  arranged  to  open  when  the}-  close,  and  thus  keep  the  velo- 
city of  the  water  nearly  constant. 

This  would  be  equivalent  to  an  impulse  wheel  arranged 
with  a  deflecting  nozzle.  It  would,  of  course,  be  verv  wasteful 
of  water,  and  in  most  installations  could  not  be  used. 

A  modification  of  this  principle  is  used  at  Turbine.  Ontario. 
In  this  case  the  valve,  or  b3'-pass.  is  indirectlv  controlled  bv  the 
movement  of  the  governor.  The  gate-controlling  rack  which  is 
moved  by  the  governor  piston  is  extended  by  a  piston  rod  hav- 
ing a  piston  on  its  end  placed  in  a  cylinder  filled  with  oil.  From 
either  end  of  this  cylinder  pipes  are  taken  to  a  controlling  piston 
which  operates  the  relief  valve  exhausting  water  from  the  wheel 
case  into  the  draft  tube.  Hence  any  movement  of  the  governor 
piston  will  affect  the  relief  valve.  \\'hen  the  governor  closes 
quickly  the  valve  will  open,  and  a  movement  in  the  opposite 
direction  will  close  it.  As  it  is  not  desirable  to  have  the  relief 
valve  open  for  small  movements  of  the  gates  the  cylinder  is 
provided  with  an  adjustable  by-pass  so  that  unless  the  governor 
makes  a  sudden  movement  of  some  length  the  oil  will  pass  from 
one  end  of  the  cvlinder  to  the  other. 
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The  small  cylinder  operating  the  valve  is  also  provided  with 
a  by-pass  so  that  the  pressure  is  gradually  reduced,  allowing 
the  valve  to  close.  It  was  found  when  using  this  arrangement 
that  the  valve  had  a  tendency  to  stay  open  too  much,  owing 
partly  to  the  pressure  of  the  water  on  the  face  of  the  valve.  A 
large  spring  was  then  put  behind  it  to  insure  of  its  closing.  The 
by-pass,  of  course,  regulates  the  speed  of  closing. 

Govemors- — To  pass  on  now  to  a  description  of  a  few 
types  of  governors : 

In  all  reaction  turbines,  and  in  all  impulse  turbines,  with 
the  exception  of  tangential  wheels,  the  governor  controls  the 
speed  by  opening  or  closing  the  regulating  gates,  thus  varying 
the  amount  of  water  supplied  to  the  wheel. 

As  a  large  force  is  necessary  to  move  the  gates  (sometimes 
50.000  pounds),  it  is  clear  that  they  cannot  be  moved  by  fly  balls 
alone,  as  in  the  case  of  a  steam  engine.  Consequently  some 
form  of  rela}-  mechanism  has  to  be  used.  That  is,  the  move- 
ment of  the  balls  controls  some  independent  power  for  moving 
the  gates.  There  are  two  classes  of  governors,  viz.,  mechanical 
and  hydraulic,  each  being  classified  by  the  type  of  its  relay 
mechanism.  In  the  mechanical  type  the  power  to  move  the 
gates  is  supplied  by  the  wheel  itself  by  means  of  belts,  friction 
clutches,  gears,  etc.  The  fl}-  balls  throw  into  action  pawls,  fric- 
tion gears,  or  other  mechanical  devices  which  will  bring  the  re- 
lay into  action.  When  the  relay  is  of  the  hydraulic  type  it 
generally  consists  of  a  piston  connected  by  some  mechanical 
device  to  the  gate  rigging  and  moved  by  means  of  the  hydraulic 
pressure  of  the  water  taken  from  the  penstock  or  other  source 
or  by  oil  su])plied  under  high  pressure  from  a  reservoir,  usually 
the  latter. 

The  pressure  of  the  oil  in  the  reservoir  is  kept  up  bv  pumps 
driven  either  from  the  wheel  itself  or  by  a  separate  motor.  The 
oil  used  in  moving  the  piston  is  exhausted  into  a  receiver  and 
pumped  back  into  the  supply  reservoir.  The  rela}^  is  usually 
controlled  by  the  ball  governor,  through  the  medium  of  a  small 
valve,  which  by  its  motion  admits  the  oil  or  water  directly  to 
the  main  piston  or  else  to  a  secondary  piston  which  controls  a 
larger  admission  valve. 

The  mechanical  governor  is  cheaper  to  build,  and  prob- 
ably requires  less  attention  than  the  hydraulic  tvpe,  but  on  the 
other  hand,  it  ta  kes  power  from  the  wheel  just  at  the  time 
when  more  power  is  needed.  It  is  also  slower,  and  in  the  case 
of  some  wheels  whose  gates  have  a  tendencv  to  close  them- 
selves, a  constant  rubbing  of  the  friction  wheels  is  necessary  to 
keep  them  open.  Where  the  wheels  operate  factory  machinery 
or  machinery  of  that  class,  the  mechanical  governor  is  generallv 
quite  satisfactory  and  also  cheaper  to  install. 
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Fig.   284. — Diagramatic  Section   of   Woodward   Simple  Mechanical   Governor, 


I"~ig".  1  shows  a  simple  form  of  mechanical  governor,  made  by 
the  Woodward  Governor  Co.,  Rockford,  Illinois. 

On  the  upright  shaft  are  two  friction  pans  (a  and  b).  These 
pans  are  loose  on  the  shaft,  the  upper  one  being  supported  in 
position  by  a  groove  in  the  hub,  and  the  lower  one  by  an  adjust- 
able step  bearing.  Between  these  pans,  and  bevelled  to  fit  them, 
is  a  double-faced  friction  wheel  (c)  which  is  keyed  to  the  shaft. 
This  shaft  and  friction  wdieel  run  continuously,  and  have  a  slight 
endwise  movement.  They  are  supported  by  lugs  on  the  ball  arm, 
and  therefore  rise  and  fall  as  the  position  of  the  balls  varies  with 
the  speed. 

\\'hen  the  speed  is  normal,  the  inner,  or  friction  wheel,  re- 
volves freely  between  the  two  outer  wheels  or  pans,  which  re- 
main stationar}-.  \\"hen  a  change  of  speed  occurs  the  friction 
wheel  is  brought  against  the  upper  or  lower  pan  as  the  speed  is 
either  slow  or  fast.  This  causes  the  latter  to  revolve,  and  by 
means  of  the  bevel  gearings,  turns  the  gates  in  the  proper  direc- 
tion until  the  speed  is  again  normal.  As  the  gate  opens,  the 
nut  (d)  travels  along  the  screw  (e)  which  is  driven  through 
gearing  by  the  main  governor  shaft,  and  as  the  gate  reacts,  the 
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nut  [d)  comin.L;-  in  contacl  witli  the  lever  (f)  throws  the  vertical 
shaft  upward  and  the  governor  out  of  commission.  This  gov- 
ernor is  not  dead  beat,  but  where  load  changes  are  not  very- 
rapid  or  frequent,  the  governor  works  quite  satisfactorily,  and 
requires  almost  no  attention.  It  may  be  used  to  advantage  on 
exciters  in  small  plants  and  for  light  work.  The  Woodward  Co. 
also  make  a  comi)ensating  governor  of  the  mechanical  type,  but 
as  space  is  limited,  it  will  be  necessary  to  show  only  one  of 
eacli  class. 


I'ig.  2  shows  the  Lombard  Governor  Co.'s  Type  N  governor. 

Jt  will  be  seen  that  the  main  working  cylinder  (i)  is  ver- 
tical, and  that  the  movement  of  the  piston  up  or  down  is  trans- 
mitted through  the  double  rack  and  pinions  to  the  operating 
shaft.  The  balls  control  a  small  regulating  valve,  14.  Fig.  3, 
which  admits  oil  from  the  pressure  tank  to  the  relay  \-alve.  2. 
At  3  is  seen  the  displacement  cylinder  with  its  piston  connected 
rigidly  to  the  rack  bars. 

Fig.  3  is  a  section  of  the  relay  valve,  2.  Its  method  of  oper- 
ation is  as  follows : 

A  is  the  rcla}-  valve,  wliicji  may  be  moved  in  either  direc- 
tion by  the  plungers  15  and  C.  Since  the  plunger  B  has  one- 
half,  area  of  plunger  C.  the  latter  can  overpower  the  former  if 
the  pressures  in  the  cylinders  E  and  D  are  equal.  Cylinder  D 
is  connected  through  pipe  Fi  to  the  pressure  supplv  :  hence  the 
tendency  of  \\  is  always  to  move  valve  H  towards  the  valve 
head  (.1.  ( )il  is  exhausted  or  supplied  through  the  ])ipe  T.  K 
leads  to  llie  displacement  cylinder,  while  H  is  connected  with 
the   ])ressure   lank.      When   valve    14  is  moved   In-   balls  in     one 
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direction  it  admits  oil  from  pressure  tank  to  I,  forcing  A  to  left, 
which  admits  oil  to  lower  side  of  main  piston,  and  opens  the 
upper  side  to  the  exhaust.  The  main  piston  rises,  moving'  the 
wheel  gates.  In  moving  up,  the  displacement  piston  is  carried 
up,  creating  a  partial  vacuum  in  the  displacement  cylinder.  This 
draws  part  of  the  oil  from  I  through  K.  and  as  the  piston  moves 
farther,  all  the  oil  in  I  is  ex'hausted,  with  the  result  the  valve,  A, 
stops.  The  main  piston,  however,  continues  to  move  as  long  as 
valve  14  is  open,  ^^'hen  this  is  closed  A  is  closed,  because  the 
liquid  in  cylinder,  E,  escapes  to  the  displacement  cylinder.  When 
A  is  closed  the  governor  comes  to  rest. 

When  14  is  moved  in  the  opposite  direction  the  opposite  to 
the  above  takes  place,  so  that  A  moves  to  the  right  till  the 
valve,  14,  takes  a  new  position.  It  will  be  seen  that  any  move- 
ment of  the  regulating  valve,  14,  is  duplicated  by  the  main 
piston,  and  that  when  valve  14  is  again  in  its  neutral  position, 
A  is  immediately  closed. 

The  anti-racing  mechanism  is  not  seen  in  the  cut.  but  is  ar- 
ranged as  follows : 

The  stem  of  valve  14  is  threaded  into  the  head  of  the  fly 
balls  so  that  any  rotary  motion  given  to  it  will  raise  or  lower 
it.  Anv  motion  of  the  main  piston  is  transmitted  throttgh  a 
reducing  motion  and  dash  pot  to  a  small  rack  engaging  with  a 
gear  on  the  stem  of  valve  14. 

Wdien  the  speed  of  the  wheel  gets  away  from  normal,  regu- 
lating valve  14  is  displaced,  causing  main  piston  to  move.  The 
reducing  motion  working  through  the  dash  pot  and  rack  turns 
the  valve  stem  so  that  the  valve  is  closed,  bringing  the  gover- 
nor to  rest  to  wait  for  the  speed  to  return  to  normal.  By  ad- 
justing the  by-pass  of  the  dash  pot  the  governor  may  be  com- 
pensated to  any  degree  to  suit  the  particular  conditions  of  the 
installation.  That  is,  the  governor  will  move  the  gates  just 
far  enough  to  bring  the  speed  back  to  normal,  and  Avill  stop 
there.  The  Sturgess  hydraulic  governor  uses  an  expansive 
pulley  to  drive  the  governor  balls.  WHien  the  main  piston  moves 
it  carries  with  it  a  cam,  which  through  a  dash  pot  actuates  a 
lever,  expanding  or  contracting  the  pulley,  thus  bringing  the 
balls  back  to  normal  speed  before  the  wheel  is  actually  up  to 
normal  speed. 

in  the  case  of  impulse  wheels,  \vhich  are  generally  used  with 
very  high  heads  and  long  penstocks,  it  is  impracticable  to  build 
penstocks  which  are  strong  enough  to  withstand  the  shocks  due 
to  sudden  closures  of  gates,  hence  a  deflecting  nozzle  is  used. 
That  is.  the  nozzle  is  hinged,  and  when  it  is  desired  to  decrease 
t'he  output,  the  nozzle  is  deflected  from  the  blades.  If  the  needle 
valve  is  set  to  carrv  peak  loads  there  will  be  a  waste  of  water 
at  all  other  loads.  This  condition  is  commonly  improved  some- 
what by  adjusting  the  needle  valve  about  once  an  hour,  by  means 
of  a  slow  motion  hand   wheel,  for  the  maximum   load  lial^le  to 
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occur  (luring  that  period.  An  automatic  governor  has  lately- 
been  invented,  which  adjusts  the  needle  valve  slowly  automatic- 
ally, so  that  the  stream  is  kept  on  the  blades.  This  is  done  by 
the  use  of  an  electric  motor,  a  connection  being-  made  which 
starts  the  motor  as  soon  as  the  nozzle  deflects.  The  motor  is 
geared  to  move  the  valve  slowly.  In  large  installations  employ- 
ing hydratilic  governors  it  is  generally  the  custom  now  to  have 
one  set  of  pumps  and  pressure  system  to  supply  all  the  gover- 
nors in  place  of  having  a  separate  pump  and  tanks  for  each  gov- 
ernor. This  has  the  advantage  that  only  one  pump  and  pres- 
sure system  have  to  be  kept  up,  but  on  the  other  hand,  should 
this  pump  fail,  all  governors  are  out  of  commission.  This  is  gen- 
erally overcome  by  having  a  duplicate  pressure  stystem  to  take 
the  place  of  the  working  system  while  repairs  are  made  or 
while  the  first  system  is  being  cleaned  out.  The  different  com- 
panies making  governors  supply  special  oil,  but  they  do  not 
seem  to  have  yet  found  an  oil  which  will  stand  up  under  the 
continued  surging  around  the  system.  A  substance  like  cement 
forms  in  the  bottom  of  the  tanks  and  piping  which  is  very  diffi- 
cult to  remove.  Some  good  work  might  be  done  in  experiment- 
inrr  alonsf  this  line. 
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IMPERIAL  GALLON  PUMPING  ENGINE  AT  THE 
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WATER  WORKS. 

ROBERT  W.  ANGUS.  B.A.Sc. 

Professor  of  Mechanical  Engineering. 

ihe  city  of  Toronto  has  two  pumping  stations  for  the 
supply  of  water  to  the  city  proper,  exclusive  of  that  supplied 
to  the  residents  of  Toronto  Island.  Of  these  two  the  main 
pumping  station  is  situated  at  the  foot  of  John  St..  close  to  the 
bay,  and  all  the  water  supplied  to  the  citv  passes  through 
pumps  in  this  station,  the  pressure  being  maintained  at  slightlv 
ovcr  90  pds.  per  sq.  in. 

As  the  ground  rises  very  rapidly  as  one  proceeds  north- 
ward from  the  bay,  the  pressure  in  the  northern  part  of  the 
city  produced  by  the  pumps  at  the  main  pumping  station,  would 
be  rather  low  and  in  the  district  near  the  Canadian  Pacific 
Railway  does  not  much  exceed  21  pds.  per  sq.  in. 

In  order  to  maintain  the  proper  pressure  in  the  northern 
part  of  the  city  the  lligh  Level  Pumping  Station  was  built  on 
I'oplar  Plains  Road  a  short  distance  above  the  Canadian  Pacific 
Railway  tracks. 

The  growth  of  the  northern  part  of  the  city  has  been  verv 
rapid   of  late  years  and   the   consequent   consumption   of   water 
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has  so  increased  that  the  pumps  originally  installed  in  the 
station  were  unable  to  maintain  a  sufficiently  high  pressure,  so 
that  an  additional  pump,  having  a  capacity  of  six  million 
Imperial  gallons  per  day  against  a  pressure  of  75  pds.  per  sq.  in., 
has  been  installed  and  it  is  this  latter  pump  with  which  this 
report  deals. 

Description  of  the  Engine. 

The  engine  tested  is  a  three-cylinder,  vertical,  triple-expan- 
sion crank  and  flv-wheel  pump  hav'ing  three  single  acting  plung- 
ers direct-connected  to  the  pistons  of  the  three  steam  cylinders, 
it  is  designed  to  give  a  discharge  of  six  million  Imperial 
gallons  per  twenty-four  hours  against  a  discharge  pressure  of 
75  pds.  per  sq.  in.  for  domestic  purposes  but  is  also  capable  of 
giving  the  same  discharge  against  a  pressure  of  100  pds.  per  sq. 
in.    for  fire  purposes. 

The  nominal  diameters  of  the  steam  cylinders  as  given  on 
the  working  drawings,  are  17  in..  31  >^  in.,  and  48  in.,  respect- 
tivelv  and  the  nominal  diameter  of  all  water  plungers  is  21^ 
in.,  the  stroke  for  all  plungers  and  pistons  being  36  in.  For 
the  duty  trial  the  diameters  and  strokes  of  the  water  plungers 
were  determined  with  great  care,  as  is  explained  later,  but  the 
dimensions  of  the  steam  cylinders  were  not  verified. 

To  the  crosshead  of  the  low-pressure  plunger  are  attached 
the  feed  pump,  the  air  pump,  and  an  air  compressor  for  provid- 
ing compressed  air  in  the  discharge  air  chambers  and  also  for 
the  operation  of  the  steam  cylinder  poppet  valves  if  desired. 

The  engine  has  three  cranks  placed  120  degrees  apart,  the 
sequence  being  high  pressure,  low  pressure  and  intermediate 
pressure.  The  crank  shaft  is  made  in  two  parts,  which  are 
joined  together  at  the  central  crank  by  a  sliding  block  which 
gives  the  shaft  some  flexibility  without  aflfecting  its  working. 

Steam  cylinders  and  piping. — A  diagram  of  the  steam  piping 
for  the  engine  is  given  at  Fig.  i.  which  shows  the  main  steam 
piping  as  well  as  that  for  the  jackets  and  reheaters.  Each  of 
the  cylin(ler.s  is  provided  with  a  steam  jacket  and  receivers  are 
l)laced  between  each  pair  of  cylinders,  a  reheating  coil  being 
placed  in  each  of  the  receivers.  The  sizes  and  arrangement  of 
pipes  arc  shown  on  the  drawing  and  are  as  follows : 

(a)  Cylinder-Steam  piping- — After  passing  the  throttle  valve 
the  steam  main  has  two  five-inch  branches  one  of  which  carries 
steam  to  the  top  of  the  high  pressure  cylinder,  the  other  to  the 
bottom  of  the  same  cylinder.  The  exhaust  from  the  high  pres- 
sure cylinder  is  conveyed  by  two  pipes,  each  5  in.  diameter,  to 
the  first  receiver  where  it  is  reheated  before  being  delivered  to 
the  intermediate  cylinder  through  two  pipes  each  8^2  in. 
diameter. 

I'roni  the  intermediate  cylinder  the  steam  passes  through 
I  wo  pipes   into  the  second   receiver   where   it   is  again   reheated 
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before  being-  sent  to  the  low-pressure  cylinder.  After  passing- 
through  the  latter  cylinder  the  steam  is  conveyed  by  the  i6  in. 
ex'haust  pipe  to  the  heater  and  finally  to  the  condenser. 

(b)  Jacket  and  reheatcr  piping. — The  jacket  supply  is  drawn 
from  the  main  steam  pipe  on  the  boiler  side  of  the  throttle  valve 
by  means  of  a  134  in.  pipe,  which  pipe  contains  a  valve  and 
connects  directly  with  the  high  pressure  jacket. 

On  leaving  the  high-pressure  jacket  the  steam  passes,  bv 
means  of  a  i^  in.  pipe,  to  the  reheating  coil  in  the  first  receiver, 
from  which  it  is  conveyed  through  a  1 34  in.  pipe  containing  a 
1]/^  in.  globe  valve  and  a  1^4  in.  reducing  valve,  (set  for  reducing 
the  pressure  from  150  pds.  to  40  pds.).  to  the  intermediate 
jacket.  This  i^  in.  pipe  also  contains  a  i  in.  safety  \al\e  set 
at  50  pds. 


After  passing  throug"h  the  intermediate  jacket  fhe  steam 
passes  through  a  i  in.  pipe  which  is  enlarged  to  i'4  i"-  into 
the  two  reheating  coils  in  the  second  receiver,  which  coils  are 
arranged  in  parallel.  The  steam  leaves  these  coils  t'hrough  a 
single  1 3^  in.  pipe,  on  which  is  a  globe  valve,  a  i,'/4  in.  reducing 
valve  set  for  reducing  the  pressure  from  40  pds.  to  3  pds..  and 
a  safety  valve  set  at  7  pds.  This  i^^  in.  pipe  delivers  the 
steam  into  the  low  pressure  jacket. 

On   leaving  this  jacket  a   ij/2   in.  pipe,   which   is  reduced  to 
I J4   in.  and  finally  to   Yx   in.   delivers  the  steam   to  a  trap  fron 
which  it  passes  by  a  y^,  in.  pipe  to  the  sewer. 

For  drainage  from  the  jackets  and  receivers  and  the  re- 
heating coil  y\  in.  pipes  are  arranged  as  shown. 


(Iti 
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(c)  Other  fiping. — A  1^4  '"•  pipe  is  connected  from  the  main 
steam  pipe  on  the  boiler  side  of  the  throttle  to  the  first  receiver 
for  starting  up.     This  pipe  contains  a  i^  in.  globe  valve. 

.Air  discharge  pipes  each  ki  in.  diameter  and  supplied  with 
a  valve  are  placed  at  the  top  of  each  cylinder  jacket. 

.\  I  in.  safety  valve  set  at  40  pds.  is  placed  on  the  first 
receiver  and  a  similar  valve  set  at  7y2  pds.  on  the  second 
receiver. 

The  high  pressure  cylinder  has  Corliss  admission  and 
exhaust  valves,  and  on  the  intermediate  cylinder  Corliss  admis- 
sion valves  are  used,  while  for  the  exhaust  for  this  cylinder  and 
the  admission  and  exhaust  for  the  low  pressure  cylinder  poppet 
valves  are  used. 

The  speed  of  the  engine  is  controlled  by  a  flyball  governor 
which  operates  on  the  high-pressure  valves  only  and  in  case 
the  speed  becomes  excessive  this  governor  also  opens  a  valve 
in  the  condenser  so  as  to  admit  air  to  the  latter  and  "break" 
the  vacuum. 


S/X  ^////O/F    <Fo//o^    /'o/^/O/nfi  /~/>^/^e 
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Feed  Water  and  Condenser  Piping. 

rile  i^^{\  water  and  condenser  i)iping  scheme  is  shown  on 
Figs    2  and  3. 

The  cooling  water  for  the  condenser  is  taken  from  and 
again  returned  to  the  suction  pip.e  of  the  engine.  A  butterfly 
valve  is  placed  in  tlie  main  24  in.  suction  pipe  and  the  cooling 
water  is  drawn  from  this  pipe,  on  the  side  of  the  butterfly  valve 
remote  from  the  i)ump,  through  an  8  in.  valve  and  pipe  passing 
into  the  condenser.  .\fter  passing  through  the  condenser  the 
water  is  returned  to  the  suction  main  through  an  8  in.  pipe  and 
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valve  but  on  the  side  of  the  Initterfly  closest  to  the  engine.  By 
the  proper  adjustment  of  the  butterfly  valve  any  desired  propor- 
tion of  the  water  may  be  sent  through  the  condenser. 

The  area  of  the  butterfly  valve  is  about  80%  of  the  area 
of  the  24  in.  pipe  but  it  is  never  set  at  less  than  22^°  to  the 
normal  to  the  pipe  axis  and  when  fully  open  is  turned  parallel 
to  the  pipe  axis  in  which  case  it  offers  practically  no  resistance 
to  flow  and  very  little  water  would  pass  through  the  condenser. 

The  exhaust  steam  first  passes  through  a  feed  water  heater 
and  then  on  to  the  condenser.  After  being  condensed  the  steam 
passes  through  a  6  in.  pipe  to  the  air  pump  from  which  it  is 
discharged  to  the  sewer. 

The  feed  water  is  drawn  from  the  main  suction  pipe  through 
a  2  in.  pipe,  containing  a  valve,  into  the  well.  From  the  well 
a  2  in.  pipe  delivers  the  water  to  the  feed  pump  from  which  it 
is  discharged  through  a  2  in.  pipe.  As  shown  on  the  drawings 
the  water  may  be  sent  through  the  heater  or  not  as  desired. 
A  by-pass  of  1)6.  in.  pipe  and  containing  valves  is  connected 
from  the  suction  to  the  discharge  pipe  of  the  feed  pump. 

Main  Water  Piping. 

The  water  enters  the  pumphouse  through  a  24  in.  pipe 
containing  a  gate  valve  close  to  the  wall  of  the  room.  It  then 
passes  down  the  south  side  of  the  engine  supplying  water  to 
the  suction  air  chambers.  After  passing  through  the  pump 
cylinders  the  water  is  discharged  at  the  north  side  of  the  pump 
through  a  20  in.  pipe  containinga  check  valve  and  a  gate  valve. 

A  4  in.  by-pass  pipe  with  valve  ma}-  be  used  to  connect 
the  suction  and  discharge  sides  of  the  pump  if  desired.  This 
pipe  is  placed  between  the  intermediate  and  low  pressure  parts 
of  the  engine. 

Equalizer  pipes.  10  in.  diameter,  connect  the  three  suction 
air  chambers  and  similar  pipes  connect  the  discharge  air 
chambers.  Air  is  forced  into  the  discharge  air  chambers  by 
means  of  the  air  compressor  attached  to  the  low-pressure 
crosshead. 

The  remainder  of  the  piping  consists  of  a  2  in.  pipe  with 
valve  connected  to  the  plunger  chamber  and  free  to  discharge 
into  the  sewer  provided  the  valve  is  open.  The  valve  is  con- 
trolled bv  a  wheel  on  the  engine  room  main  floor.  There  is 
also  a  2  in.  by-pass  from  the  plunger  chamber  to  the  discharge 
chamber  of  each  pump.  This  pipe  also  contains  a  valve  which 
mav  be  opened  bv  a  hand  wheel  on  the  main  floor. 

Pumps, 

The  pumps  are  single-acting,  and  corresponding  to  each 
plunger  there  is  one  suction  and  one  discharge  chamber.  The 
valves  are  arranged  in  cages,  there  being  for  each  plunger  seven 
valve  cages,  each  cage  containing  25  valves.  There  are  thus 
525  suction  valves  and  525  discharge  valves. 
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The  area  through  each  of  the  valves  is  given  on  the  drawings 
as  5.95  sq.  in.,  but  this  was  not  verified. 

XOMIX.AL  DLMEXSIOXS  OF  EXGIXE  AXD  PUMPS. 

Xote : — The  dimensions  given  in  the  following  table  are 
all  taken  from  the  working  drawings  but  were  not 
verified,  as  they  are  not  essential  to  the  duty  trial. 
The  exact  diameter  and  stroke  of  each  plunger  is 
given  elsewhere,  but  the  sizes  given  on  the  draw- 
ings arc  set  down  here  for  convenience. 

I.  Nominal  Dimensions  of  the  Engine. 
High   i'ressure  Cylinder: — 

Diameter   of   piston in.   17 

Diameter  of  counterbore    of    cylinder.  .  .  .    in.   lyys 

Diameter  of  piston   rod in.     4 

Stroke  of  piston in.  36 

Clearance    (least    distance    from    piston    to 

cylinder  head) in.        34 

Intermediate  Pressure  Cylinder: — 

Diameter   of   piston in.  31I4 

Dianieter   of   counterbore   of   cylinder.  .  .  .  in.   31  5-16 

Diameter  of  piston   rod in.     4 

Stroke  of  piston in.  36 

Clearance    (least   distance    from    piston    to 

cylinder  head) in.        ^ 

Low  Pressure  Cylinder : — 

Diameter   of   piston in.  48 

Diameter  of  counterbore  of  cylinder in.  483^ 

Diameter  of  piston   rod in.     4 

Stroke    of    piston in.  36 

Clearance    (least    distance    from   piston    to 

cylinder  head) in.        34 

First  Reheating  Receiver: — 

Diameter  of  two  steam  pipes  entering.  .  .  .    in.     5 

Diameter  of  two  steam  pipes  leaving    in.     8^ 

V^jlume   of   receiver ." cu.  ft.  33.5 

Size    pipe    in     reheating    coil     (o.d.    copper 

tubing) ." in.     154 

.\  umber  of  coils i 

.Number  of  turns   per  coil 18 

Mean   diameter   of  coil in.  24 

Heating  surface  in  coil sq.  ft.  37 

Second  Rcheatinsj  Receiver: — 


I 


Diameter  of  two  steam  pipes  entering  .  .  .    in.     8y> 
\  olumc   of   receiver '.  .    cu.  ft.  47 


i 
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Size  of  pipe  in   reheating  coils    (o.d.   copper 

tubing) in.     ij4 

Number  of  coils 2 

Number  of  turns  per  coil 22 

Mean   diameter  of   coils in.  28 

Heating  surface  in  two  coils sq.  ft.  64 

Condenser : — 

Diameter   of   shell    inside in.  36% 

Diameter  of  exhaust  inlet in.   16 

Diameter  of  condensed  steam  outlet in.     6 

Diameter   of   water   conections in.     8 

Tubes  No.  16  B.  W.  G.,  outside  diam..  .    .    in.      i 

Length  of  tubes  between  plates ft.     5 

Number   of   tubes 228 

Cooling  surface  in  condenser sq.  ft.  300 

Feed  water  Heater: — 

Diameter   of   shell   inside in.   16 

Length  between  tube  plates in.  58 

Diameter  of  steam   inlet  and  outlet in.   16 

Diameter  of  water  connections in.     2 

Tubes   No.    18  gauge,   outside   diam in.       5/^ 

Length  of  tubes  betvreen  plates in.  58 

Number  of  tubes 68 

Air  and  Feed  Pumps  : — • 

Air  Pump — Single   Acting. 

Diameter    in.  12 

Stroke    in.  36 

Diameter  of  inlet   pipe in.  6 

Diameter  of  discharge  pipe in.  8 

Feed  Pump — Single  Acting. 

Diameter    in.      i  ^^ 

Stroke    in.  36 

Diameter  of  inlet   pipe in.     2 

Diameter  of  outlet  pipe in.     2 

Air  Compressor : — 

Diameter   in.     3 

Stroke    in.  36 

Water   jacket    pipes,    inlet    and    outlet....  in.        ^ 

General  Dimensions : — 

Length  of  connecting  rod,  centre  to  centre,  ft.     7^ 

Diameter  of  crank  shafts  in  fly  wheel.  .  .  .  in.  121^ 

Diameter  of  main  bearings in.  10^ 

Length    of   main    bearings in.  18 

Diameter  of  hole  through  shaft in.     3 

Crank    pins — diameter in.     6^ 
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Crank    pins — length in.     6 

Crosshead    pins — diameter in.     6^^ 

Crosshead    pins — length in.     6 

Diameter   of   steam    pipe in. 

Diameter  of  exhaust  pipe in.   i6 

Number  of  flywheels 2 

Diameter   of   wheels ft.   12  1-3 

Rim  iiin.  and  12  in.  wide.  12  in.  thick. 

Leng-th  of  hub in.   17I/2 

Weight  of  each  wheel lbs.  20000 

2.  Nominal   Dimensions  of  the  Pumps. 

Diameter  of  plungers in.  21^ 

Stroke    of    plungers in.   36 

X'alves : — 

Rubber,  arranged  on  sides  and  top  of  cages, 
secured  to  deck  plates. 

X umber  of  valve  deck  plates 6 

Xumber  of  holes  for  cages  in  each  plate.  .  7 

Total  number  of  valve  cages 42 

Xumber  of  valves  per  cage 25 

Total   valves   in   entire   pump 1050 

Water  opening  in  each  valve sq.  in.  5.95 

(Note — one-half    (525)    of   the   above   valves 
are  suction,  the  rest  discharge). 

Air  Chambers : — 

Xumber  of  suction  air  chambers 3 

Xumber  of  discharge   air   chambers 3 

Piping: — 

Suction    pipe    diameter in.  24 

Discharge   pipe    diameter in.  20 

Ecjualizer  pipes,  diameter in.   10 

Xumber  of  distance  rods  to  plungers 12 

Diameter    of    each    rod in.     3 

The  Duty  Trial. 

According  to  the  specifications  and  contract.  "The  engine 
shall  perform  a  duty  of  not  less  than  one  hundred  and  sixty 
million  (160.000.000)  foot  pounds  for  each  one  thousand  (looo 
pounds  of  commercially  dry  steam  used  by  the  engine  and  an\ 
auxiliary  pumps  supplied  by  the  contractor  and  operated  during 
the  duty  trial.  Steam  containing  less  than  i^^  per  cent.  01' 
entrained  water,  as  determined  by  calorimeter  measurements, 
shall  be  considered  as  commercially  drs-  steam.  In  computing 
the  duty,  the  work  performed  by  the  engine  shall  be  based 
upon  plunger  displacement.  The  head  for  computing  the  duty 
shall  be  that  shown  by  an  accurate  pressure  gauge  attached  to 
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the  discharge  main  at  a  point  inside  of  the  engine  room  and 
beyond  the  last  pump,  less  the  reading  shown  by  a  gauge 
attached  to  the  supply  main  at  or  near  the  entrance  to  pump. 
No  allowance  shall  be  made  for  friction  of  water  in  pumps  or 
pipes  between  the  pump  well  and  the  gauge  attached  to  the 
discharge  main.  In  computing  the  duty,  the  total  steam  used, 
including  that  used  by  jackets,  reheaters,  and  auxiliary  pumps, 
shall  be  charged  to  the  engine.  The  duty  trial  shall  be  of 
twenty-four  hours"  duration.  The  engine  shall  be  operated 
continuously  at  the  rated  capacity  against  a  head  equal  to  75 
pds.  pressure  per  sq.  in.  on  the  discharge  main,  and  shall  be 
supplied  with  steam  of  not  more  than  150  pds.  pressure  per 
sq.  in.,  by  gauge,  at  the  boiler." 

"The  engine  shall  have  a  capacity  of  six  million  Imperial 
gallons  in  twenty-four  (24)  hours  when  operated  at  a  plunger 
speed  of  not  over  180  ft.  per  min.,  against  a  head  equal  to  75 
pds.  pressure  per  sq.   in.,  on  the  pumps." 

It  is  further  stated  in  the  general  data  given  the  contractor 
that  the  pressure  in  the  suction  main  is  15  pds.  per  sq.  in. 

The  trial  was  made  as  closely  as  possible  under  the  contract 
conditions ;  as  however,  the  pressure  in  the  suction  main,  on 
account  of  some  alterations  in  the  city  w^ater  piping  system, 
had  been  raised  to  about  25  pds.  per  sq.  in.,  the  pressure  on  the 
discharge  main  during  the  test  was  about  85  pds.  per  sq.  in.,  in 
order  to  obtain  the  pressure  difference  of  60  pds.  per  sq.  in. 
between  suction  and  discharge  mains  contemplated  in  the 
contract. 

Weight  of  Steam  Used. 

The  steam  chargeable  to  the  engine  was  determined  by  the 
condensation  from  the  condenser,  the  jackets,  the  reheater,  etc., 
and  tanks  were  arranged,  placed  on  scales,  so  that  the  weight 
of  the  condensed  steam  could  be  directly  determined.  The 
condensation  from  the  condenser  was  measured  by  itself  in  one 
set  of  tanks,  and  that  from  the  jackets  and  other  drain  pipes  in 
a  second  and  smaller  set.  The  Aveights  of  condensed  steam 
were  measured  every  half  hour,  tw^o  observers  checking  all 
weights  independently,  setting  down  their  results  and  compar- 
ing them  before  making  the  entry  on  the  observation  sheet. 

Pressure. 

The  pressure  on  the  discharge  main  was  taken  by  ar. 
accurately  calibrated  Bourdon  gauge,  the  piping"  leading  to  which 
was  attached  outside  the  last  connecting  branch  from  the  pump. 
The  pressure  on  the  suction  main  was  measured  similarly  by 
an  accurately  calibrated  Bourdon  gauge,  the  attachment  being- 
made  close  to  where  the  suction  main  enters  the  pumping 
station,  just  outside  of  the  condenser.  The  gauges  themselves 
were  placed  side  b}-  side  in  a  position  where  they  could  be  con- 
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veniently  read  from  the  engine  platform,  about  fourteen  feet 
above  the  suction  and  discharge  mains,  correction  being  made 
for  water  column.  The  pressure  difTerence  was  maintained  as 
closely  as  possible  at  60  pds.  by  manipulating  a  gate  valve  on 
the  discharge  main  placed  outside  the  point  of  attachment  of 
the  discharge  gauge.  During  the  night  the  pressure  on  the 
discharge  main  became  excessive,  and  in  order  to  maintain  the 
pressure  diflference  at  the  required  figure  it  was  found  necessary 
to  open  a  hA'drant  adjacent  to  the  station. 

The  steam  pressure  at  the  engine  was  determined  by  an 
accuratel}-  calibrated  Bourdon  gauge,  and  the  pressure  in  the 
calorimeter  by  a  mercury   manometer. 

The  pressures  in  the  first  and  second  receivers  were  taken 
from  gauges  on  the  gauge  board.  These  gauges  were  not  cali- 
brated, but  correction  was  made  for  water  column.  The 
vacuum  in  the  exhaust  pipe  was  taken  from  ihe  vacuum  gauges 
at  the  gauge  board  which  was  not  calibrated. 

The  pressure  in  the  steam  jackets  was  determined  from  the 
regular  gauges  attached  to  the  jacket,  which  were  not  calibrated 
or  corrected  in  any  way. 

The  barometer  reading  was  obtained  from  the  Observatory 
at  intervals  during  the  test.  The  result  given  is  the  average 
throughout  the  24  hours,  corrected  to  the  height  of  the  High 
Level  Pumping  Station,  and  the  temperature  of  the  engine  room. 

Speed. 

The  speed  of  the  engine  was  determined  by  the  revolution 
counter  attached  to  the  gauge  board,  the  reading  on  this  counter 
being  checked  by  a  second  counter  specially  set  up  for  the  test ; 
the  counters  agreed  perfectly. 

The     Quality  of  the  Steam. 

The  quality  of  the  steam  was  determined  bv  a  throttling 
calorimeter  connected  to  the  steam  main  on  the  engine  side  of 
the  throttle  valve.  The  calorimeter  worked  satisfactorily 
throughout  the  test.  The  percentage  of  moisture  in  the  steam 
was  low.  and  showed  very  little  variation  throughout.  The 
steam  used  by  the  calorimeter  was  not  weighed. 

Temperatures. 

The  temperatures  of  the  engine  room  and  of  the  boiler 
room  were  observed  throughout  the  test. 

The  temperature  of  the  exhaust  was  obtained  from  a  ther- 
mometer placed  in  the  exhaust  pipe  about  eight  feet  below 
whcre  the  latter  left  the  engine. 

Indicator  Diagrams. 

Indicator  diagrams  of  the  steam  and  punii)  cvlinders  were 
taken  at  intervals  during  the  test. 
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Measurements  of  the   Plunger. 

The  diameters  of  the  pkmgers  were  measured  Wednesday. 
April  7th.  the  engine  being  shut  down  at  about  4  p.m.  for  this 
purpose.  By  means  of  a  steel  tape,  measurements  of  the  cir- 
cumference of  each  plunger  at  each  end  and  at  the  middle  were 
made.  The  plunger  on  the  high  pressure  end  was  found  to  taper 
slightly  from  the  bottom  to  the  top,  being  largest  at  the  bottom. 
In  computing  the  diameters  and  areas  of  the  plungers  from  this 
tape  measurement,  corrections  were  introduced  for  temperature, 
and  for  thickness  of  the  tape,  the  tape  itself  being  compared 
with  a  Government  Standard. 

The  average  diameter  of  each  plunger  determined  as  indi- 
cated above  was  used  in  computing  the  plunger  displacement. 

The  strokes  of  the  plungers  w^ere  measured  after  the  trial. 
A  strip  of  oak  i^  inches  square  on  which  were  fastened  brackets 
and  adjusting  screws  was  firmly  fixed  between  points  on  the 
frame  and  made  parallel  with  the  piston  rod.  A  stout  pointer, 
with  a  flattened  end,  the  thickness  of  which  was  accurately 
measured,  was  then  firmly  clamped  to  one  of  the  distance  rods 
connecting  the  pump  plunger  to  the  cross  head  of  the  engine. 
The  bracket  screws  were  then  so  adjusted  that  the  lower  one 
just  touched  the  under  surface  of  the  flattened  pointer  at  the 
bottom  of  the  stroke,  and  the  upper  one  its  upper  surface  at 
the  top  of  the  stroke.  The  distance  between  the  points  of  the 
adjusting  screws,  less  the  thickness  of  the  pointer  end  gave  the 
length  of  the  stroke.  In  determining  the  distance  between  the 
points  of  the  screws  a  special  bar  was  used  whose  length  had 
been    ascertained  by  micrometer  calHpers. 

Calibration  of  Apparatus. 

The  steam  gauges  on  the  boiler  and  on  the  steam  supply  to 
the  calorimeter,  and  the  water  gauges  on  the  suction  and  dis- 
charge mains  were  calibrated  both  before  and  after  the  test  by 
means  of  a  Crosby  gauge  tester,  and  the  results  of  the  calibra- 
tion were  applied  to  the  gauge  readings  in  computing  the  results 
of  the  test ;  the  readings  were  also  corrected  for  water  column, 
where  necessary. 

The  jacket  gauges,  the  first  and  second  receiver  gauges 
and  the  vacuum  gauges,  being  those  supplied  by  the  contractor 
and  fastened  in  place  on  the  gauge  board  or  other  portion  of  the 
engine,  were  not  calibrated,  as  extreme  accuracy  in  their  read- 
ings was  not  essential  for  purpose  of  the  test :  the  recorded 
readings  of  these  gauges  have,  however,  been  corrected  for 
water  column  where  necessary. 

The  thermometers  used  were  not  calibrated. 

The  scales  used  in  measuring  the  weight  of  condensed 
steam  were  tested  by  the  government  inspector  of  weights  and 
measures  both  before  and  after  the  trial. 


74  APPLIED   SCTEN'CE 

The  smaller  scales  on  which  the  condensation  from  the 
jackets,  reheaters.  etc.,  were  found  to  be  accurate  within  the 
range  of  the  weights  measured;  the  larger  scales  on  which  the 
condensation  from  the  condenser  was  weighed  were  found  to 
average  one  pound  light  within  the  range  of  weights  measured. 
A  correction  for  this  has  been  made. 

Observations. 

With  the  exception  of  the  measurement  of  the  condensed 
steams,  which  readings,  as  mentioned  above,  were  taken  every 
half  hour,  and  the  barometer  and  thermometer  readings,  the 
observations  were  made  every  ten  minutes. 

Weather  Conditions. 

The  weather  on  the  afternoon  of  Thursday.  April  8th,  was 
sunny  and  warm,  for  the  time  of  year,  but  during  the  night  it 
became  much  colder,  and  there  w^as  some  slight  fall  of  snow. 
Friday  was  somewhat  cold  and  damp. 

Starting  the  Trial. 

The  trial  began  at  2.30  p.m.  Thursday.  April  8th,  and  end- 
ed at  2.30  p.m.  Friday.  April  9th,  1909.  The  watch  used  in  the 
trial  was  compared  with  a  chronometer  at  the  beginning  and 
end  of  the  test,  and  was  found  to  have  lost  approximately  two 
seconds  in  the  twenty-four  hours. 

'ilie  engine,  after  having  been  stopped  for  the  plunger 
measurement  on  the  previous  evening,  had  been  in  operation  for 
at  least  eight  hours  previous  to  the  commencement  of  the  trial, 
and  was  thoroughly  warmed  up.  It  ran  satisfactorily  through- 
out, with  the  exception  of  a  slight  vibration,  caused  by  some  of 
the  cams  operating  and  the  valves  on  the  low  pressure  cylinder 
not  working  quite  smoothly. 

The  poppet  valves  on  the  intermediate  and  low  pressure 
cylinders  are  arranged  to  be  closed  by  springs  or  bv  air  pressure : 
during  the  test  the  spring  closure  was  used,  the  air  compressor 
being  used  simply  to  keep  air  in  the  air  chambers  of  the  pumps. 

Towards  the  end  of  the  test  a  small  leakage  of  steam  from 
the  high  pressure  cylinder  jacket  developed  owing  to  a  slight 
failure  of  the  packing:  the  drip  was  caught,  and  from  it  the  total 
loss  due  to  this  leak  estimated.  The  weight  was  added  to  the 
total  weight  of  water  measured  on  the  scales. 

Observers. 

The  observers  worked  in  eight-hour  shifts,  but  each  shift 
was  present  for  about  ten  hours.  These  men  were  all  skilled  in 
such  work,  being  students  in  the  fourth  year  of  the  Faculty  of 
Applied  Science  and  I*'ngineering  of  Toronto  University. 

The  trial  was  under  the  direction  of  Professor  Robert  W. 
Angus,  and  was  carried  .nit  liy  .Mr.  M.  R.  Riddell.  in  conjunction 


TRIAL  AT  HIGH  LEVEL  PUMPING  STATION  '^ 

with  Air.  W.  W.  Gray  and  Mr.  J.  J.  Traill,  all  of  the  Faculty  of 
Applied  Science  of  the  University  of  Toronto. 

All  calculations  from  the  original  observation  sheets  were 
made  by  Air.  Riddell.  These  calculations  have  been  thoroughly 
checked. 

Mr.  Hill  watched  the  test  in  the  interest  of  the  contractors. 

The  engineers  and  firemen  at  the  pumping  station  were  un- 
der the  direction  and  control  of  the  station  engineer. 

Measurements  of  the  Pumps  Used  in  Computations. 

High-pressure  Plunger — 

Stroke,  actual    inches,  35.947 

Diameter,  actual  21.751 

Displacement  per  revolution   cubic  feet     7.730 

Intermediate-pressure  Plunger 

Stroke,  actual   inches  36.007 

Diameter,    actual    ■ 21.757 

Displacement   per  revolution    cubic   feet  7.747 

LozK.'-pressure  Plunger — 

Stroke,   actual .    inches  35.972 

Diameter,    actual    21.760 

Displacement  per  revolution    cubic  feet     7.742 

Total  displacement  per  revolution cubic  feet  23.219 

Total    displacement    per    revolution    ....imp.    gals.    144.699 
Volume  of  imperial  gallon    cubic  inches  277.274 

Observations  and  Results. 

Date  of  Trial — 

2.30  p.m.  Thursday,  April  8th.  to  2.30  p.m.  Fridav.  April  9th. 
Duration  of  Trial — 24  hours.. 

Corrected  Average  Pressures — 

Boiler  pressure  by  g'auge.  pounds  per  sq.  inch 150.21 

At  engine  pressure  by  gauge,  pounds  per  sq.  inch .  .  148.85 

In  first  receiver  by  gauge,  pounds  per  sq.  inch 24.04 

In  second  receiver  by  gauge,  pounds  per  sq.  inch  ( be- 
low   atmosphere)    , 4.09 

In  intermediate  jacket  by  gauge,  pounds  per  sq.  inch  39.08 

In  low  pressure  jacket  by  gauge,  pounds  per  sq.  inch  1.17 

Vacuum  by  gauge,  ins.  mercury   27.39 

Pressure  on  discharge  main,  pounds  per  sq.  inch.  .  .  .  85.14 

Pressure  on  suction  main,  pounds  per  sq.  inch 25.16 

Height  of  centre  line  of  discharge  main  above_centre 
line  of  suction  main  at  point  of  gauge  attach- 
ment     •  • feet  0.7 

Corresponding  pressure,   pounds   per   sq.    inch 0.30 

Total  pressure,  difference  on  pumps,  pounds  per  S(|. 

inch    60.28 
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Barometer,  average,  at  pump  floor  level  and  temper- 
ature, ins.   mercury    29.54 

Average  Temperatures — 

Of  engine  room,  degrees   Fahr.   (lower  platform)...  76 

Of  boiler  room,  degrees  Fahr 66 

Of  exhaust  steam,  deg.   Fahr io5-5 

Calorimeter — 

Pressure  of  supply  steam  at  calorimeter,  pounds  per 

sq.    inch    148-85 

Pressure  of  steam  in  calorimeter     (i     in.     mercury 

=.4908  pounds   per   sq.   inch) 1.21 

Temperature  in  calorimeter,  degrees  Fahr 298 

Moisture  in  steam,  per  cent 0.72 

Speeds — 

Total  number  of  revolutions  by  counter 43'i85 

Average  revolutions  per  minute   29.99 

Average  plunger  speed,  feet  per  minute 179.814 

Water   Pumped — 

Total  number  of  revolutions    431185 

Plunger  displacement  per  revolution,  cubic  feet....  23.219 
Plunger  displacement  per  revolution,  imp.  gals.  .  .  144.699 
Displacement  in  twenty-four  hours,  imp.  gals 6,248,813 

Work  Done — 

Total  number  of  revolutions    43»i85 

Displacement  per  revolution,'  cubic  feet   23.219 

Total   pressure   difference  on   pumps,     pounds     per 

sq.    inch    60.28 

Work  done  per  revolution,  ft.  pounds   201,542 

Work  done  in  twenty-four  hours,     ft.  pounds,  8,703,603,033 

Steam  Used  by  Engine — 

Total  condensation  from  condenser,  pounds 45.091 

Total  condensation  from  jackets,  receivers,  etc.,  lbs.  8,072 
Total    steam   used   by   engine,   pounds    53.163 

Duty— 

W  ork  done  by  pump  in  twenty-four  hours,  ft. 

pounds    ; .  .8,703,603,033 

Steam  used  by  engine  in  twenty-four  hours,  lbs.  53.163 

Duty  per  thousand  pounds  of  steam  used.  ft.  lbs.  163,715.423 
Duty    required    by    specifications,    ft    lbs 160.000.000 


POWER  FACTOR  CORRECTION. 

L.  S.  ODELL,    09. 

In  these  days  A.  C.  power  systems  are  becoming  so  com- 
mon, and  the  attendant  problems  in  power  factor  correction,  so 
well  understood,  that  to  those  familiar  with  the  subject,  any  fur- 
ther discussion  of  power  factor  correction  by  the  use  of  the 
synchronous  motor  must  seem  superfluous.  However,  the  gen- 
eral installation  of  these  power  S3'stems  in  A\'estern  Ontario 
has  to  some  extent  revived  interest  in  an  old  subject,  as  is  mani- 
fested by  the  enquiries  received  by  manufacturers  of  electrical 
apparatus  regarding  the  synchronous  motor,  its  adaptability  to 
the  correction  of  power  factor  on  systems  already  installed  and 
the  size  and  design  of  the  motor  required.  It  is  in  the  hope  that 
this  discussion  ma}-  be  of  some  service  in  answering  these  en- 
quiries that  the  same  is  published. 

\Mienever  power  is  used  from  an  A.C.  line,  whether  it  be 
through  the  medium  of  synchronous  or  induction  motors  or  bv 
means  of  a  transformer,  as  is  the  case  for  lighting  pur- 
poses, it  is  always  found  that  the  reading  of  the  wattmeter,  show- 
ings the  power  used,  is  less  than  the  product  of  volts  and  amperes 
on  the  line.  The  percentage  that  the  former  is  of  the  latter  is 
the  power  factor.  The  energy  component  of  the  power  carried 
by  a  line  is  the  volt  amperes  x  power  factor.  We  have  also 
to  consider  a  wattless  power  component  displaced  90  degrees 
in  phase  from  the  energy  component,  so  that  P.F.-4-W.F.-=i 
where  W.F.  is  the  factor,  by  which  we  multiply  the  volt  amperes 
to  give  the  wattless  power  component.  In  a  power  system 
these  wattless  power  components  are  not  registered  on  the  cus- 
tomer's meter,  nor  do  the}-  directly  necessitate  any  increase  in 
power  at  the  generating  station.  However,  a  low  power  factor 
on  a  system  means  that  a  current  much  greater  than  that  re- 
quired for  real  power  consumption  is  being  carried,  necessitat- 
ing greater  line  capacity,  larger  machines,  etc..  and  increasing 
the  losses  due  to  inductance,  capacity  losses,  friction,  etc.  On 
a  light  load  these  losses  may  become  very  large,  compared  with 
the  load,  giving  a  system  of  ver}'  low  efificiency. 

Induction  motors,  when  working,  cause  a  lagging  current. 
Transformers  also  constitute  an  inductive  load,  and  create  a 
lagging  wattless  component  of  power-  but  when  used  in  con- 
nection with  a  lamp  load,  the  reduction  of  power  factor  is  not 
so  serious.  Xow  the  wattless  component  of  a  synchronous 
motor,  under  certain  conditions,  leads  the  power  component,  so 
it  is  at  once  evident  that  synchronous  and  induction  motors 
might  be  worked  together  on  a  system  in  such  a  way  as  to 
make  the  leading  and  lagging  effects  neutralize  and  create  a 
power  factor  of  practically  unity. 

Induction    motors   are    the    more    common    type    in    use    for 
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general  purpose  work,  so  that  usually  a  synchronous  motor, 
when  it  is  put  in,  is  employed  to  correct  a  loss  power  factor  due 
to  lagging  currents  caused  by  the  former  type  of  motors.  Sup- 
pose this  power  factor  is  .8.  Experiment  s'hows  that  as  the 
power  factor  is  corrected  more  and  more  nearly  to  unity,  the 
capacity  of  the  synchronous  motor  required  to  make  a  further 
change  becomes  relatively  much  greater  as,  for  example,  if  a 
motor  of  lOO  K.\\A.  capacity  were  required  to  correct  the  power 
factor  from  .8  to  .95.  one  of  200  KA'.A.  capacit)^  would  probably 
be  required  to  bring  it  up  to  unit}-.  Hence  it  is  not  consistent 
with  economy  in  first  cost  to  install  a  motor  large  enovigh  to 
completely  correct  the  power  factor  of  a  system,  as  the  last  few 
per  cent,  of  correction  are  dearly  paid  for  in  the  increased  K.V^.A. 
capacity  recpiired  in  the  motor.  The  better  practice  is  to  install 
a  motor  large  enough  to  brinp-  the  power  factor  to  .90  or  .95 
when  the  system  is.  fully  loaded,  while  on  light  loads  the  capa- 
city of  the  motor  will  be  sufficient  to  raise  the  P.F.  still  higher, 
and  perhaps  completely  correct  it. 

The  .synchronous  motor  will  do  its  work  as  a  corrector  of 
the  power  factor  whether  coupled  to  an  external  mechanical 
load  or  not.  However,  it  is  advisable  to  put  it  on  such  an  ex- 
ternal load  if  possible.  Such  a  load  will  be  represented  in  the 
motor  by  a  power  component  in  quadrature  with  the  current 
used  for  power  factor  correction,  giving  a  resultant  load  not 
much  in  excess  of  the  correction  load  even  with  a  considerable 
mechanical  output.  For  example,  in  one  case  it  was  found  that 
an  external  load,  equal  to  50  per  cent,  of  the  correction  load 
could  be  carried  with  an  increase  in  the  required  K.\^.A.  capa- 
city of  the  motor  of  onh'  12  per  cent. 

The  following  example  will  serve  to  further  illustrate  the 
circumstances  under  which  a  synchronous  motor  ma}'-  be  in- 
stalled. Suppose  induction  motors  are  now  carrying  a  load  of 
800  K.W'..  with  a  power  factor  of  .8.  It  is  desired  to  determine 
the  capacity  of  a  motor  of  the  former  type  which  will  correct 
the  power  factor  to  .95  and  carry  a  load  of  200  K.W. 

\\'attless  current  due  to  induction  motor  load  at  .8  power 
factor.  Vi— .8- X 7.5X800=600    K.A'.A. 

Total  wattless  current  due  to  load  of  i.ooo  K.W.  at  .95 
power   factor=\/i — .95- XV-nnX  1.000=336   K.A'.A. 

1  lencc  the  synchronous  motor  must  furnish  the  difference 
between  these  two  results,  the  former  being  the  initial  lagging 
component  and  the  latter  the  lagging  component  after  correc- 
•''ui  Combining  this  dift'erence  of  264  K.\'.A.  with  the  me- 
chanical load  of  200  K.V..-\.  in  quadrature  we  have: 

\/264--f20o-=332  K.\'..\.=total  capacity  of  the  synchron- 
ous motor. 

Then   the  power  factor  at   which   the     synchronous     motor 
.,,  200 

will  operate  as =    .6  a])])roxnnatelv. 

Z2,2 
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Hence  in  above  case  a  synchronous  motor  of  332  KA^.A. 
capacity  must  be  installed,  and  the  excitation  so  controlled  that 
it  will  operate  under  a  power  factor  of  .6. 

The  reason  for  this  adjustment  of  excitation  is  as  follows: 
Such  a  motor  when  operatino-  under  an}-  particular  impressed 
voltage,  sustains  a  constant  magnetic  flux,  no  matter  what  the 
exciting"  current  may  be.  A  lagging  or  leading  induced  arma- 
ture current  is  set  up,  this  induced  current  being  such  as,  when 
combined  with  the  field  excitation.  Avill  give  a  constant  magnet- 
izing force.  When  the  fields  are  over  excited  a  leading  current 
will  flow  in  the  armature,  and  hence  a  synchronous  motor  must 
always  be  over  excited  when  used  to  correct  a  power  factor 
which  is  held  down  b}-  lagging  currents.  When  operating  a 
synchronous  motor,  as  explained  above  an  increase  in  the  field 
excitation  will  increase  the  leading  current  it  will  draw  from 
the  line,  while  decreasing  the  field  excitation  will  decrease  this 
leading  current  until  when  this  leading-  current  falls  to  zero  the 
motor  is  operating  under  unity  power  factor.  A  further  de- 
crease in  excitation  would  cause  the  machine  to  draw  a  lagging 
current  from  the  line,  so  that  if  necessarv  a  synchronous  motor 
could  be  used  to  correct  power  factors  for  either  leading  or 
lagging  currents. 

Certain  important  characteristics  efTect  the  suitability  of 
a  motor  for  this  class  of  work.  Any  AC  generator  would  oper- 
ate as  a  synchronous  motor,  but  used  for  correction  of  power 
factors  held  down  b_v  lagging  currents,  might  not  be  satisfact- 
ory. These  machines  are  over  excited,  and  the  excitation  in- 
creases directly  as  the  current,  while  the  heating  efifects  in  the 
field  coils  increase  as  the  square  of  the  current.  Hence  ma- 
chines of  low  frequency  where  the  number  of  poles  is  small 
and  which  often  give  trouble  by  heating  when  used  as  gener- 
ators, will  not  do  at  all,  owing  to  the  high  temperature  in  the 
fields.  A  machine  with  a  small  air  gap  decreases  the  amount 
of  excitation  necessary.  Also  the  weaker  the  armature,  or  in 
other  words,  the  fewer  the  coils  in  it,  and  the  lower  the  resist- 
ance of  those  coils,  the  greater  will  be  the  induced  leading  cur- 
rent for  the  same  increase  in  field  excitation.  Hence  the  char- 
acteristics of  a  g"ood  machine  for  power  factor  correction  are 
a  large  number  of  low  resistance  fields,  a  small  air  gap  and  a 
weak  armature.  Such  a  machine,  however,  is  not  likely  to  be 
satisfactorv  as  a  generator. 

Throughout  the  conntrv  ihere  are  a  great  man\-  induction 
motiirs  operating  on  power  factors  of  from  .5  to  .-,  and  in 
many  cases  ])ower  consumers  are  being  penalized  by  the  com- 
panies, who  insist  on  a  power  factor  of  .9  to  secure  the  lowest 
rates.  Idle  synchronous  motor  oflfers  a  means  of  correction  of 
this  difficulty..  In  many  cases,  however,  the  saving  will  not 
justify  the  ex])ense  entailed,  especially  where  there  is  the  em- 
plovment  of  skilled  labor  to  be  reckoned  on  along  with  the  in- 
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stallalion.  In  other  cases,  where  the  load  is  taken  off  at  only  a 
short  distance  from  the  generator-  the  initial  expense  is  again 
prohibitive,  as  the  increased  generator  capacity  is  the  onh'  sav- 
ing effected.  However,  on  long  transmission  lines  where  a  low 
power  factor  necessitates  increased  capacitv  of  generators,  step 
up  and  step  down  transformers  and  all  other  apparatus  in  the 
system  there  is  no  question  as  to  the  advisability  of  using 
some  means  to  balance  up  the  lagging  and  leading  currents 
and  hold  the  power  factor  as  near  unity  as  possil)le. 


THE  ENGINEERING  SOCIETY 

The  Xovember  sectional  meetings  of  the  society  were  held 
on  ^^'ednesday,  the  i6th.  J.  \\".  Nelson,  B.A.  Sc,  addressed  the 
civil  section  on  "Surveying  the  Alaska  Boun^lary."  His  paper 
vvas  well  illustrated  by  a  series  of  150  slides,  and  being  well  ac- 
quainted with  his  subject,  he  said  a  great  deal  to  relieve  the  im- 
pression that  the  country  was  an  uninteresting  one.  "Water 
Wheel  Governors,"  by  E.  R.  Frost,  B.A.  Sc,  was  the  subject 
at  the  mechanical  and  electrical  meeting.  The  paper  appears 
in  full  elsewhere  in  this  number  of  "Applied  Science."  The 
miners  and  chemists  were  favored  with  an  address  on  "Com- 
mon Food  Stuffs ;  Their  ^lanufacture  and  Adulteration,"  by 
L.  J.  Rogers.  B.A.  Sc.     All  the  meetings  were  well  attended. 

On  Wednesday.  Nov.  gth.  the  men  of  the  third  3'ear  jour- 
neyed to  the  Lackawanna  Steel  Plant.  Buffalo,  under  the  direc- 
tion of  Mr.  T.  R.  Loudon  and  Mr.  J.  A.  Stiles.  In  parties  of 
ten  and  twelve,  they  were  guided  through  the  works,  and  given 
an  excellent  chance  of  seein^  the  various  processes,  from  the 
unloading  of  the  ore  at  the  docks,  to  the  loading  of  the  finished 
product  for  shipment.  The  entire  series  of  processes  covers  a 
period  of  about  fifteen  hours,  and  requires  the  services  of  some 
7.000  men. 

Another  beneficial  excursion,  this  one  under  the  supervision 
of  Mr.  Afurphy,  vice-president  of  the  civil  section,  was  that  to 
Centre  Island,  where  the  new  filtration  plant  is  in  the  course  of 
construction.  ]\lr.  Longley,  the  engineer  in  charge,  spared  no 
pains  in  guiding  and  instructing  the  men  as  to  what  is  being  ac- 
complished there.  He  not  only  went  into  the  details  of  the 
plant,  but  also  explained  many  of  the  outside  aqueous  problems. 


NOTICE. 

The  graduates  in  and  arnund  Toronto  should  keep  in  mind 
a  special  meeting  of  the  Engineering  Society  on  Monday  even- 
ing. Dec.  T2th.  Mr.  Isham  Randolph,  of  Chicago,  is  to  give  an 
illustrated  address  on  the  ".^hip  and  Sanitary  Canal  of  Chicago." 
To  hear  ]\[r.  Randolph,  one  of  the  foremost  consulting  engineers 
in  America,  is  an  (ipi-)ortunit\-  open  to  all  who  can  possilily  at- 
tend. 
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EDITORIAL 

Enclo.sed  with  this  ntimber.  every  reader  of  "Applied 
Science"  will  receive  a  post  card  for  the  attention  of  the  gradu- 
ates asking  for  address  and  particulars  regardino-  employment. 
This  card  should  be  filled  in,  returned,  and  placed  upon  the 
Secretary's  desk  for  reference.  Tn  thus  accomplishing  his  part, 
the  graduate  ma}^  expect  the  re<|uested  information  to  be  always 
within  easy  reach  when  occasion  calls  for  it.  It  matters  not 
whether  the  enquiry  be  from  a  fellow  graduate  renewing  ac- 
([uaintances  with  old  classmates,  or  from  a  firm  in  search  of 
jjrofessional  assistance,  the  result  will  be  of  advantage  to  the 
graduate  whose  whereabouts  is  on  record  at  the  most  convenient 
centre.  There  are,  on  file,  records  of  engineering  experience  of 
a  large  number  of  men.  Init,  in  numerous  cases,  these  are  with- 
out present  addresses,  and  present  employment,  and  are  con- 
scquentlv.  not  up-to-date.  The  employment  bureau  has  been 
successful   in   placing  almost  every   man    who  applied  to  it     for 
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employment,  and  has  often  been  in  receipt  of  more  enquiries 
for  men  than  of  applications  for  work.  This  points  to  the  fact 
that  the  bureau  is  receiving-  recognition  b}-  eng-ineering  firms,  as 
a  fit  and  proper  place  to  apply  for  technical  men,  and  the  yoiing- 
er  graduate  should  not  fail  to  obtain  from  it  the  assistance  it  is 
intended  to  convey.  His  best  move  is  to  assure  himself  that 
the  secretary  of  the  faculty  has  his  name,  address  and  profes- 
sional experience  to  date.  In  short,  the  closer  relations  the 
graduate  has  with  his  college  the  better,  from  every  point  of 
view,  no  matter  whether  satisfactorily  emploA^ed  or  not. 

LEONARD.- 

To  the  Editor  of  Ap filled  Science: — 

Sir: — What  is  an  engineer?  Leonard  says  he  is  a 
man  who  does  things,  t  The  man  on  the  street  and 
the  newspapers  say  that  an  engineer  is  one  who  drives  en- 
gines :  more  particularly  locomotive  e-nrgines,  for  the  driver  of 
mill  engines  is  a  "stationary  engineer."  The  unqualified  term 
belongs  to  the  driver  of  the  locomotive,  that  quiet,  unassuming, 
but  all-important  factor  in  modern  transportation,  the  big  man 
of  the  train  equipment  that  the  public  never  tips  nor  sees. 
Other  men  are  mechanical  engineers,  civil  engineers,  mining 
engineers,  and  so  on,  but  to  the  public  the  mechanical  engineer 
is  a  man  in  overalls,  greasy-handed  and  black-marked  as  to  the 
nose  and  eyes,  who  works  around  machines,  the  civil  eng-ineer 
is  a  man  with  a  queer  brass  instrument  on  three  legs,  and  the 
mining  engineer  is  a  bad  type  of  crook  associated  with  wild 
mining  flotations.  Is  it  possible  that  in  these  days 
there  can  be  thinking  people  who  have  such  ideas  ? 
It  is  more  than  possible,  it  is  an  everyda}^  experience. 
-Ask  the  lawyers  who,  as  a  general  thing,  are  our  best- 
posted  citizens,  and  unless  they  have  been  on  a  case  where  tech- 
nical witnesses  of  experience  have  enlig-htened  them,  they  will 
show  onl}^  hazy,  unformed  ideas  as  to  the  real  status  or  aims 
of  technically  trained  Engineers.  They  do  not  distinguish  be- 
tween them  and  the  mechanic  or  the  plumber.  They  seldom 
think  of  calling  them  in  to  be  guided  by  them  :  they  employ 
them  to  do  certain  things  for  them,  to  measure  or  construct, 
much  as  they  would  have  a  drugg-ist  concoct  a  prescription,  and 
they  pay  him  accordingly.  And  the  engineer  does  the  work  and 
is  paid  accordingl}^  and  says  nothing. 

The  Engineer— the  technically'  trained  man— does  things, 
does  everything  that  makes  for  health  and  growth  and  pros- 
perity and  lets  it  go  at  that.  And  the  world  at  large  sees  no 
more  of  him  and  thinks  no  more  about  him  than  does  the  Pull- 
man passenger  and  the  driver  that  has  brought  his  train  through 
ajj  the  hazards  of  the  trip. 

*R.  W.  Leonard  was  appointed  to  the  Board  of  Governors  of  the  University  of  Toronto  last 

Sprine- 
f'The  Scope  of  EneineerinK  in  Canada,"  by  R.  W.  Leonard,  "  Applied  Science."  Nov.,  1910. 
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The  Engineer  is  so  busy  with  his  work,  so  interested  in  his 
things  that    he   neglects  his    fellowman.       The    Churchman,  the 
Doctor,  the  Lawyer,  our  professional  men,  are  wiser,  they  pay 
more  attention  to  their  fellowman  than  they  do  to  their  work, 
or  perhaps  it  would  be  truer  to  sa}^  that  their  eye  is  first  on  their 
fellow.     They  advise,  they  guide,  they  control     (perhaps     they 
cajole,  flatter  or  bulldoze),  and  their    fellowman,    being     but     a 
short    time   removed   from   childhood   or   tribal    custom,     places 
them  on  a  pedestal  and  is  glad  to  be  a  parishioner,  or  a  patient, 
or  a  client.     We  care  nothing  for  such  matters ;  we  want  our 
work,  our  pride  it  is  to  do  our  work,  and  all  we  ask  of  our  fellow 
is  to  stand  aside  and  let  us  do  this  work.     And  so  it  is  that  we 
who  do  the  nation's  real  work  amount  to  but  little  in  the  public 
estimate.     We  are   neither  known  nor  understood.     There  are 
in  Canada  a  few,  a  very  few.  exceptions  that  go  to     prove  the 
rule.     Sir  Sandford  Fleming  is  an  example.     How  many  of  the 
younger   generation    of   engineers   take   an}'    active    interest      in 
their  fellows?     A'ery,  ver^^  few.     How  many  take  part  in  public 
afifairs   ofif   the   beaten   path   of   their   work?     There    is   not   one 
of  prominence,   unless   it   be    Leonard.     He   is  a   peculiarly  all- 
round  man.     He  began  with  the  military  training  of  the  R.M.C. 
In  his  earh'  work  he  made  a   marked  success  in  railroad  con- 
struction, and  later  in  water  power  development.     He  was  al- 
ways  interested   and   generally  dabbling  in  mining.  Cobalt  was 
his  opportunity  and  he  took  it.     His  Coniagas  success  was  much 
more  the  work  of  the  experienced  calculating  financier  than  the 
luck  of  the  explorer.        He   has   always  been  keen   in   military 
affairs.    The  Leonard  Gig  is  an  accepted  part  of  field  equipment. 
And   now  he   is   an   assured   financial   success.     He  has   money. 
That  must  be  writ  large,  for  despite  all  we  may  say  or  pretend  to 
think  to  the  contrary,  money  counts  in  these  daj^s.     And  be  it 
noted  he  made  his  money  as  an  engineer,  cleanly.     And  still  he 
remains  an  engineer,  taking  a  keener  interest  in  his  engineering 
.work  than  in  anything  else.     And  on  top  of  all  this  he  is  stepping 
out  to  take  a  part  in  his  fellows'  affairs;  to  take  an  active,  dis- 
interested part  in  the  larger  affairs  of  the  nation.     As  a  gradu- 
ate of  the  school  I  am  particularly  glad  that  his  first   energies 
are  with  Toronto  University.    The    School    needs   him.      We    all 
recognize  the  advantages  of  a   special  pleader,  and   the   School 
is  no  doubt  in  need  of  a  counter-balance  to  the  urgent     calls 
upon  the  funds  from  Arts  and  Medicine  and  the  apparently  in- 
numerable new  faculties.     But  personally  I  should  be  sorry  to 
see  Leonard  either  become  or  be  looked  upon  as  a  special  plead- 
er for  the  material  growth  of  the  School  His  is  a  larger  func- 
tion.    It  is  a  safe  bet  that  the  Engineer  and  his  aims  are     as 
little  understood  in  the  L^niversity  councils  outside  of  the   Fa- 
culty  of  Engineering  as  they   are  bv  the  public.     It   is  up     to 
Leonard  to  tackle  the  larger  education,  the  education  of  those 
in  control.  Yours  etc., 

AX   OLD  GRADUATE. 
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HARRY   MILL  LANCASTER. 

Since  the  last  issue  of  "  AiJpIicd  Science  "  we  learn  with 
Sreat  regret  of  the  resignation  from  the  staflf  of  Applied  Chem- 
istry of  Mr.  H.  M.  Lancaster.  'Sir.  Lancaster's  academic  career 
has  been  marked  with  singular  ability  ;  coming  from  \\'oodstock 
Collegiate  Institute  with  a  first  Edward  Blake  scholarship  in 
Science  and  a  second  in  Science  and  Mathematics,  he  entered 
the  Arts  Honor  courses  of  Physics  and  Chemistry  and  Chem- 
istry and  Mineralogy,  with  the  class  of  '05.  In  both  these 
courses  he  carried  ofif  the  scholarships  in  his  freshman  3'ear. 
Full  first-class  honor  standing  in  his  first  three  years  enabled 
him  to  transfer  to  the  fourth  year  in  the  Department  of  Applied 
Chemistry,  where  he  selected  the  Sanitary  and  Forensic  option. 
Since  his  graduation  in  1906  with  the  degree  of  B.A.  Sc,  with 
honors,  Mr.  Lancaster  has  been  connected  continuously  with 
the  Department  of  Applied  Chemistry,  first  as  fellow,  and  from 
1907  till  the  time  of  his  resignation,  as  demonstrator.  In  addi- 
tion to  his  academic  work,  he  pursued  man}-  outside  interests, 
always,  however,  directing  his  special  attention  to  toxicological 
investigations  and  food  and  water  analysis.  This  particular  line 
of  work,  in  which  he  had  the  good  fortune  of  personal  associ- 
ation with  Dr.  Ellis,  fitted  him  ideallv  to  assume  the  duties  his 
present  position  entail.  His  co-workers  on  the  staff  and  his 
students  unite  in  wishing  him  everv  success  in  the  responsible 
post  to  which  he  has  been  appointed. 


BOOK    REVIEWS 

STANDARD  HANDBOOK  FOR  ELECTRICAL 
ENGINEERS. 

(^IcGraw-Tfill  Book  Co.,  Third  Edition:  Leather). 

One  of  the  outstanding  needs  of  every  student  of  electrical, 
matters   is   a   handbook   which    embodies   in    convenient   form   a 
large  collection  of  useful  data  accompanied  by  sufficient  explan- 
ation  and    general    information   to   enable   him    to   properly    use 
the  data.     Such  a  companion  is  the  "Standard  Handbook." 

The  men  who  have  compiled  the  various  sections  of  the 
book  are  engineers  of  standing,  who  have  made  critical  study 
of  the  subject  in  hand.  It  is  natural,  therefore,  to  find  that  ne- 
cessary explanations  involving  complexity  and  formulae  are  not 
avoided  in  the  Standard  as  in  some  other  handbooks.  This 
feature  is  of  value  to  students  whose  point  of  view  demands  un- 
derstanding of  means  and  methods  rather  than  accumulation  of 
data   and   results   alone. 

Sections  i.  2,  3  include  in  concentrated  form  information  on 
units,  methods  and  calculations  which  appeals  to  students  be- 
cause it  bears  directly  on  one  large  phase  of  their  studies.  Sec- 
tion 4,  on  properties  of  materials,  supplements  the  previous  sec- 
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lions  by  providino-  considerable  definite  data  for  use  therewith. 

Sections  5  to  9  refer  to  the  theory,  design,  construction, 
operating  properties  and  testing  of  generators,  motors,  trans- 
formers, batteries,  magnets,  rheostats,  etc.  There  is  presented 
a  surprisingly  large  quantity-  and  variety  of  information.  The 
treatment  is  very  complete,   considering  the   space   available. 

Sections  10  to  18  deal  with  the  problems  of  electricity  as 
applied  to  central  station  plants  of  all  kinds,  transmission  and 
distribution,  under  various  conditions,  electric  lighting  in  gen- 
eral, electric  traction  in  its  many  phases,  from  600  volt  city 
services  to  11.000  volt  heavy  traction  problems,  electro-chemic- 
al problems,  with  their  industrial  applications  and  practice, 
telephony,  telegraph}-,  etc.,  etc.  Each  section  is  an  excellent 
text  and  handbook  on  theor}^  and  practice  in  its  field. 

Section  19  is  useful,  as  it  covers  the  standardization  rules 
and  recommendations  of  the  best  engineering  associations  in 
America.  Section  20  includes  a  number  of  mathematical 
tables  and  statistical  data  relative  to  electrical  industries. 

When  in  search  of  information  the  reader  is  assisted  in  lo- 
cating matter  in  point  by  the  use  of  heavy  type  in  the  text  for 
words  in  each  paragraph,  which  suggest  the  subject  matter 
thereof.  The  index  seems  complete,  but  would  be  much  more 
eft'ective  if  cross-indexing  were  considerably  increased. 

The  "Standard  Handbook"  will  be  a  permanently  valuable 
addition  to  the  library  of  any  student.  Rcz'ici^'cd  by  H.  fp.  Price, 
B.A.  Sc.  Dcpt.   of  Electrical  Engineering. 


WHAT  OUR  GRADUATES  ARE  DOING. 

\V.  H.  Aiunro.  "04.  has  been  a])pointed  manager  of  the  al- 
lied companies :  the  Peterboro'  Light  and  Power  Co.,  the  Peter- 
boro"  Radial  Railwa}-.  and  the  Auburn  Power  Co.,  of  Peter- 
boro'. after  having  been  engaged  for  the  past  six  years  in  hydro- 
electric work. 

H.  F.  H.  Hertzberg,  07.  is  with  the  Trussed  Concrete 
Steel  Co.,  of  Canada,  in  their  Winnipeg  office- 

W.  M.  Bristol,  '05,  is  on  the  stafif  of  the  Canadian  Westing- 
house  Co.,  in  their  Halifax  branch. 

Fred  H.  Moody,  '08,  has  been  appointed  associate  editor 
of  "Machinerv,"  published  by  the  Industrial  Press,     Xew  York. 

P.  T.  Kirwan,  '10,  and  A.  V.  Delaporte.  "10.  have  been 
appointed   Fellows   in   Chemistry  for  the   session    1910-11. 

L.  J.  Rogers,  '07,  who  has  for  some  time  been  chemist  for 
the  Pure  Gold  Manufacturing  Co..  succeeds  ^Ir.  Lancaster  as 
demonstrator  in  Chemistry. 

Willis  ]^Iaclachlan.  06,  previously  construction  engineer  in 
Hydro-electric  work.  Xiagara,  has  been  appointed  city  engineer 
for  London,  Ontario. 

G.  R.  Workman,  '10.  lately  of  the  Canadian  Bridge  Co.,  has 
accepted  a  position  with  the  Laurentide  Paper  Co..  Limited,  of 
Grand  ^lere,  Quebec. 
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STRESSES  IN  CIRCULAR  RINGS  WITH  INTERNAL 
WATER  PRESSURE. 

T.  H.  Hogg,  B.A.    Sc. 

The  subject  of  this  paper  is  the  development  of  the  stresses 
set  up  in  a  circular  ring  under  internal  water  pressure. 

The  development  of  the  theory  is  along  similar  lines  to  the 
work  of  C.  W.  Filkins  and  E.  J.  Fort,  who  developed  the  stresses 
in  circular  rings  due  to  the  weight  of  the  rings  themselves,  and 
whose  work  is  published  in  the  'Transactions  of  the  Association 
of  Civil  Engineers  of  Cornell  University"  for  1896.  A  reference 
to  similar  work  is  also  made  in  a  paper  by  Mr.  Muller  in  the 
"Engineering  Record"  for  May  ist,   1909. 

The  results  contained  in  this  paper  were  arrived  at  while 
the  writer  was  working  under  the  direction  of  IMr.  R.  D.  John- 
son of  Niagara  Falls.  It  is  suggested  that  Mr.  Johnson's  article 
on  the  Hydrostatic  Cord,  which  appeared  in  the  April  ist,  1910, 
issue  of  the  Canadian  Engineer  be  read  in  connection  with  this 
l)aper;  as  the  work  contained  herein  is  a  development  of  some 
of  the  formulae  used  by  him. 

It  is  usually  assumed  in  figuring  the  stresses  due  to  internal 
water  pressure  in  circular  rings  or  pipes,  lying  on  their  sides, 
that  it  is  quite  sufficient  to  take  only  the  tension  induced  in  the 
shell  into  account,  and  that  the  bending  moment  may  be  neglect- 
ed. This  is  only  true  where  the  pressure  head  is  great  compared 
to  the  diameter  of  the  pipe.  It  is  easily  seen  that  where  this 
condition  does  not  exist  there  is  a  much  greater  pressure  at  the 
bottom  of  the  pipe  than  at  the  top,  and  this  may  cause  relatively 
great  bending  moments  in  the  shell. 

In  the  following  discussion,  the  ring  is  assumed  supported 
on  a  knife  edge,  and  water  pressure  is  assumed  level  with  the 
crown  of  the  pipe.  The  analysis  also  assumes  a  thin  ring  of 
homogeneous  material  having  a  constant  modulus  of  elasticity, 
and  that  the  changes  from  a  circular  form  will  have  little  efifect 
upon  the  dimensions  of  the  ring. 

The  following  nomenclature  will  bo  used  throughout  the 
discussion : — 

//=head  of  water  above  toj)  of  |)ipe. 


82 


APPLIED  SCIENCE 


/'^radius  of  circular  pipe. 

M=bending  moment  in  pipe. 

M  ^bendin<4-  moment  in  pipe  at  top. 

^i,=bending  moment  in  pipe  at  bottom. 

-^max^bending  moment  in  ]Mpe  at  maximum  |)oint  on  side. 

r=tension  in  pipe. 

T'y^rtension  in  pipe  at  top. 

7"D=tension  in  pipe  at  bottom. 

0=angle  to  different  points   (expressed  in  radians). 

<^max=angle  to  maximum  bending  moment  point  on  side. 

^u=angle  to  upper  node  i)oint  (point  of  no  bending  mo- 
ment). 

<^i=angle  to  lower  node  point  (point  of  no  bending  mo- 
ment). 

y^weight  of  cu.  ft.  of  water. 

/c^shear  at  any  point. 

yB^shear  at  top. 

yi,=shear  at  bottom. 

(/S^arm  of  bending  moment. 


We  will  assimic  that  the  reader  is  familiar  with   the  three 

general  formulae  for  arch-ribs. 

C    Mds  /"'•     ^  ,       /•«    Mvds  r 

.'  I)    EI  ./  h  J  u     EI  ''  i> 


f 


""  Mxds 

V.      EI 
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The  ring-  is  a  continuous  curved  beam  to  which  these  equa- 
tions will  apply. 

The  forces  acting  upon  the  pipe  may  be  appreciated  by  look- 
ing at  Fig.  I.  If  we  cut  the  pipe  at  B  and  D  and  consider  the 
forces  acting  on  the  section  to  the  right,  we  obtain  the  system 
of  forces  shown  in  Fig.  2. 

Taking  the  centre  of  moments  at  the  neutral  axis  at  D  we 
obtain  : 

M^  =  M^  —  2  Ty,  f  ^  jl{\         cos  c^)  dp  Mn  <^ 

now 

dp  =  y  r-  (1  —  cos  (f>)  d  (f)  ;   and  sin  (fi  d p  =  yr  (1   —   cos) 
sin  <l>  d  <f> 

Therefore 

yj/p  =;  Mr.   —  2  Ti,  r  -^    \  n  "^  ^  ^^  —  ^^^  ^^  ^'"  ^  ^  ^ 

Integrating  we  obtain  : 

M^  =  M^  — 2  T^r^  2y  r' 

Now  consider  as  a  free  body  that  portion  of  pipe  shown  in 

Fig.  3- 

j^ 

o3^    V  "rl     *  ^ 


E  I  \y  ^^    I    Mxds;  ds^rd<j>  =  rdd 
—  M  =r  M^  -   T^y  -^  ^  ^  p  ds  x 

p  ds  =  y  r-  {{  —  cos  Q)  d  Q 
a:  =  r  sin  (</> — B) 
y=r  (i — cos  <f). 
Therefore 

--  M=  My,  —  Ty,  r{\~   cos  <^)   ^ J  ^  y  r'  [\    -    cos  ti) 

sin  [c^  —  6)  dO 

=  M^—  T^r  ^  T^r  cos  ci>  -f   y  /-'  /  "^  ( 1         cos  6 

sin(c^  ~  0)  d$ 
=  M^—  Ty.r  -^  Ty,r  cos  <^  +  y  r'  { 1   --  cos  <^  —  ^2  <A  sin  <A) 
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Therefore 

EI  ^y  ^  f  M  X  d  s   ^  f  M  /'2  smcj>d  <f> 

cos  <ii  d<ii  —  /4  y  ^''  ^  ^'11  '^  ^  ^ 
Solving'  above  equation  we  obtain : 


Also  /?  /A  .1"=/     A/  ((/^)  3'=0  since  B  has  not  moved  hori- 


zontally  and   since  its  tangent   is   horizontal. 
Kow  3"=''  (i — cos  <^)  ;  d  s=r  d  cf). 


Therefore  £  /  A  x=r  f^^  M  d  s—r-  I  '^  M  cos  <f>  d  (f> 

0-- 
Substitute  value  of  M  found  above  and  solve. 


)=;-    f''''    M  d  s—rf''    M  cos  </.  rf  (/.. 

^      u  y      0 


Therefore  A  Mcos<t>d4>=  r  [(  M^  —  ^b  ''  -  y  r')  co.s   <^  d  <^ 

Jo  Jo 

-^  [T^  r  ~  y  r")  cos  -(f)  ctfj)  —   ^  y  r'  cj)  sin  <^  cos  <!>  d  <i>\ 

/'                                   IT      \                       ..  \             y  r'lz 
M  cos  <^  d^  ~    ^     )Tv,r  —  y  r'  j    —    — 


orf  My  ds  =  ^ {^  ~  ^(         O 

-  ^  3  , 

1  heretore    Tj,  —    —    y  r^ 
4 

Now    /^  .)/  d  s  =  O  =^   r^  [J/b  r  d  <I>  ~  Ty.r  '(d  </>  -    cos  <^ 

</  <^)  —  y  r  *(rf  <^      -  cos  4>  d  4>  .)     <^  ^''1  4>  d  <i))] 


/hence,  so 

Ivin^-  above, 

M^r 

-  n 

r 

1 
2^ 

y 

r' 

Theref 
Now 

ore 
.1/,, 

M    -     ■>"' 

M.  -      4 

-  M^  +  2  y 

r'  - 

2  7^B 

r 

r'  - 

3y 
2 

A'"" 

= 

^4-' 
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Now    —  M  =  M^  —  T^r  -{-  T^^  r  cos  <^  ^  y  r'  {\  —  cos  c^  — 
—J-  <^  sin  (^)  =  y  r'  \-^   —    -^  cos  <i> ^  <^  sin  <^  ) 

which  is  the  general  expression  for  the  bending  moment. 

To  find  the  shortening  of  the  vertical   diameter  substitute 
the  values  of  M^  and  T^   in  the  equation. 

y  y^  IT' 


E  I  \  y  ^  —  2  ( J/b  r'         Ty,  r'  -    y  r 
\Nt  obtain  :    E  I  \  y  ^^  —  y  /'' 


8 
y  r   TV' 


f  hor 
E  /  \  X  ^     /  ^ M  {(is)  y 


y  r 


EI     ^    %  ^  El 

To  find  the  lengthening  of  horizonthal  diameter 


'J'herefore 

fl 

—  E  f  \  X   =J    0  I  l-'A-,    -    A,  r        y  r')  r  (  L     -  cos  <^)  d  <^ 

-\    {T^  r  —  y  r")  r  (cos  <^         cos  '<^)  d  ^         -^  y  r'  { 1    - 
cos  cf))  (f)  sin  <p  (/  (f> 

Solving   -  E  I  \x  ^^  ^^^^  (1.0  TT  —  5) 
=  —  .0719  y  ;-• 

Therefore  A  .r    =  .0719— ^^ 

E  I 

The  whole  change  in  horizontal  diameter 
=  2  A  A-  =  .  1438  -^ 


EI 

In  order  to  find  the  value  of  ^  where  the  moment  is  a  maxi- 

mum.  place  — r— —    =   O 
d  4> 

Therefore    T^^  r  d cos  eft  —  y  r  d  cos  <^  -       -  y  r'  d  <(>  sin  <^  =  6> 

Dififerentiating  and  simplifying  we  obtain  : 

1 
<^  cot  </)   =    -     —^ 

—  2  <^   =   tan  <i> 

By  trial  we  find  c^=i05°— 13'— 45"4 :  a^^"  <^='^'^- 

y  r'' 
Now,  when  (f>^0  the  maximum  moment  My,  =   — ^ — 
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When  0=105'' — 13' — 45 "4  substitute  in  exrpcssion  for  mo- 


ment 


—  M  =  My,  —  T   r        Ty.  r  cos  «^    -  y  r'  (1  —  cos  <^ —  ^  sin  <^) 

and  we  obtain    M  =■  —  .d'JO'd  y  r^ 

Assembling  and  comparing  the  values  of  the  moments  found 

y  r^                              By  r^ 
we  see  that  A/b  = j—   ;  -'^A)  =   -; r 

and/lA,a.  =  -.3203y/' 

Therefore,  we  see  that  the  moment  of  the  stress  couple 
changes  sign  (i.e.,  passes  through  zero)  between  Mg  and  J/yax 
and  between  M yi^^  and  JA, 

Place  M  in  general  equation  equal  to  zero  and  solve  for  <^ 

y  r"'  (  — r-    —    -j—  cos  0  —  — —  <^  sin  0  )    =  J/  =    O 

Therefore,  <j>  sin  <^  -;-    -—cos  <^  =   1 

or  c^=5o°— 36'— 45", 
also  0^146° — 19'  — 25". 


F/G.^ 


Now,  considering  Fig.  4.  we  see  that  value  of 

d  p  =  y  K  {\  —  cos  e)  d  e. 

Therefore   the   sum   of  the   vertical   components   of  all   the 
d  /''s  between 

O  and  ^  =    r^  d  p  cos  6*  =    /*^  y  r  (1  cos  B)  cos  6  d  6 
•^   o  ^y  o 


y  r  (sin  <i> —  ^ 


sin  1'  <^) 


And  the  sum  of  the  horizontol  components  of  all  the  d  p's 
between    O  and  <^ 
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^  J t  ^ ^  "^''^  ^  =  /^  y  ''M  1  —  cos  Q)  sin  e  ae 

=  -y;-^(cos^<^-l^^^) 

In    Fig-.  4   place   vertical   components   of   the   acting  forces 
equal  to  zero. 
Therefore, 

/  cos  (^  —   2"  sin  ^   =  y  r-  (sin  <^        -^^  ^  —  — -  sin  <^  cos  <^) 

Placing-  horizontal  components  equal  to  zero, 

J  sin  <^  —  T  cos   ^   =  y  ^-  —  y  r-  COS  <^  —  y  -r  —  y  r'-'  sin   -^ 

solving  these  equations  for  T  and  /  we  obtain: 

T  =   y  r  {\  ~      .     (fi  s\n  cf>  —  ^  —  cos  cji) 


4 


y  =  y  ''"  (     ,     '^  COS  <^  —  sin 

'J  -+ 


The  above  discussion  has  assumed  that  the  pipe  is  just  filled 
with  water  to  the  top.  We  can  easily  see  that  the  bending  mo- 
ments are  not  afifected  by  the  water  pressure  after  the  top  is 
passed.  In  other  words,  the  bending  moments  induced  in  the 
shell  are  caused  by  the  difference  in  pressure  between  the  top 
and  any  other  point  chosen  ;  and  this  difference  remains  constant 
for  any  head  above  the  top.  The  tension  in  the  shell,  however, 
varies  directly  with  the  head  and  is  equal  to  H  y  r,  where 
H  is  the  head  on  the  top  of  the  pipe. 

This  amount  must  be  added  to  the  above  obtained  \'alue  of 
the  tension  to  obtain  the  general  expression. 

Collectine-  the  formulae  we  have 


<^  sin  <^) 


M    =     y    ;^"    (      _^         ™     _    cos    <f> 

^     cfi  sin  <^) 

T  =   Hyr        yr{\  -     ^ 

cos  <^  ^     ., 

/  =  y  r=  (   _,     </)  cos  (^     -  --— 

sin  c^) 

^.  -    \yr^ 

-l/„  =     \yr' 

-1/Max  =    -.  31^03  y;-^ 

T^  =  Hyr^     1  yr^ 

o 
T^,  =   H  y  r    '       ^     y  r- 
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«^Max  =   105^  —  i;f  —  45.4 
<t>,  =  50  —  36'  —  45  " 
^u  =  146'  —  19'  —  25" 

A.r  =  .0719  ^4- 

E  I 

In  order  to  'A\o\\  the  results  clearly  let  us  plot  a  bending 
moment  diagram.  We  can  always  express  the  bending  moment 
in  terms  of  the  tension  multiplied  by  the  arm  of  the  moment. 
Therefore,  if  we  divide  the  bending  moment  at  any  point  by  the 
tension  at  the  same  point,  we  obtain  the  arm  of  the  bending 
moment  at  that  point. 

Let  d  p  =             =    arm  of  bending  moment, 
y  '-'  ^   .) ^  cos  <^—  </>  sin  <^) 


y  ;-   .  H  ^  f  [\ cos  </>  —     .»     ^  ^'"  ^)  ( 


where  k  =  —  -^  cos  ^  —    .>     *^  "^''^  *^ 


Plotting  the  values  of  d  8  radially,  for  dififerent  values  of  (f>  we 
can  represent  the  bending  moment  as  shown  in  Fig.  5.  This 
curve  is  the  equilibrium  polygon  for  the  assumed  conditions. 

The  above  formulae  taken  together  with  the  formulae  for 
the  weight  of  the  shell  itself,  a  reference  to  which  was  made 
at  the  beginning  of  this  paper,  are  extremely  useful ;  in  fact, 
absolutely  necessary  to  the  correct  design  of  concrete  pressure 
pipes  of  large  diameter. 

On  account  of  the  node  points  (points  of  zero  bending  mo- 
ment) and  points  of  maximum  bending  moment  occurring  at  the 
same  points,  both  for  the  weight  of  the  water  itself  and  the 
weight  of  the  shell,  and  because  the  bending  moments  due  to 
both  causes  are  exactly  pro]M^rtional  at  all  points  on  the  circum- 
ference it  follows  that  they  may  be  readily  combined.  \\'ith  the 
above  formulae,  therefore,  and  those  for  the  weight  of  the  shell 
the  design  of  pressure  pipes  of  large  diameter  becomes  a  com- 
paratively simple  matter. 

The  above  method  of  analysis,  based  on  the  general  formulae 
for  continuous  arch  "irders.  niav  also  be  used  to  determine  the 
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stresses  induced  in  the  shell  for  different  loads  applied  on  the 
top  and  sides,  such  as  back-fill,  etc. 

The  writer  is   sorry  that  lack  of  time  prevents  him  from 
entering  more  fully  into  the  methods  of  combining  the  several 


M=0. 


M^ 


M^O 


Theoref/c  Support 
F/G  S 


stresses  due  to  weight  of  shell,  weight  of  water,  water  pressure, 
back-fill  and  top  loads,  as  many  interesting  problems  arise  in  the 
application  to  an  actual  design. 


RADIO-TELEGRAPHY. 

L.  T.   RUTLEDGE,  B.A.Sc. 

All  signalling  at  a  distance  necessitates  the  use  of  three 
distinct  parts:  the  device  which  produces  the  signal,  that  which 
carries  it,  and  that  which  receives  it.  These  three  essentials  we 
may  call  the  sender  or  transmitter,  the  line  and  the  receiver. 
Now,  in  the  case  of  wireless  telegraphy,  something  in  space  is 
the  medium  of  propagation,  and  it  is  the  object  of  the  writer  to 
discuss  the  conditions  which  make  it  possible  for  telegrahpic 
messages  to  be  sent  from  one  continent  to  the  other  with  seem- 
ingly nothing  passing  from  one  to  the  other. 

The  first  point  in  this  connection  is  to  get  a  clear  idea  of 
the  fields  that  are  set  up  in  space  by  electric  currents  and 
charges.  It  is  well  known  that  a  current,  even  in  a  straight  con- 
ductor, sets  up  an  invisible  magnetic  field  in  the  space  surround- 
ing it.  In  this  case  the  field  consists  of  magnetic  lines  that 
surround  the  conductor.  Xow  let  us  briefly  consider  the  state 
of  the  space  that  lies  between  any  surface  that  is  charged  with 
a  positive  charge  and  the  neighboring  surface  that  is  charged 
negatively.  The  dielectric,  whether  air  or  glass,  between  the 
two  surfaces  that  are  charged,  is  in  a  state  of  electric  strain, 
there  being  electric  lines  of  force  through  it  from  positive  to 
negative,  and  these  constitute  an  electric  field. 

Now  consider  a  circuit  in  which  there  is  an  oscillating  cur- 
rent. Fig.  I  represents  a  simple  condenser  made  of  two  flat 
metal  plates,  with  a  layer  of  air  between  them.  They  are  joined 
by  a  simple  circuit  made  of  bent  brass  rods,  ending  in  polished 
balls  with  a  spark  gap  between  them,  so  as  to  be  able  to  start 
oscillations  by  connecting  to  a  suitable  source,  such  as  an  in- 
duction coil.  Just  before  a  spark  passes,  one  of  the  metal  plates 
is  highly  positive  and  the  other  highly  negative,  and  then  there 
will  be  an  electric  field  across  the  air  space  between  them.  When 
the  spark  occurs,  the  positive  charge  rushes  round  the  circuit 
into  the  plate  that  was  negative  and  then  surges  back  again  with 
incredible  rapidity,  oscillating  along  the  conducting  circuit. 
Each  such  rush  constitutes  a  current,  and  as  the  successive 
rushes  are  in  opposite  directions,  the  conducting  rods  become 
the  seat  of  an  alternating  current  of  high  frequency.  Therefore 
in  the  space  surrounding  the  bent  rods  there  will  be  set  up  an 
alternating  magnetic  field.  The  magnetic  field  surrounding  the 
wire  will  be  strongest  when  the  rushing  current  is  strongest,  and 
this  occurs  precisely  at  the  moment  when  the  condenser  has 
been  emptied  and  before  it  is  charged  up  again  bv  the  continu- 
ance of  the  rush.  Rut  the  electric  field,  which  will  also  be  alter- 
nating, and  wdiich  lies  in  the  crevice  betw^een  the  plates,  will 
be  strongest  when  the  rush  either  way  is  finished,  and  the 
charge  in  the  condenser  is  at  its  height.    So  we  here  see  that  the 

*  Read  before  Electrical  Chib,  University  of  Toronto,  Nov.  1910. 
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magnetic  and  electric  fields  occur  at  different  places  and  have 
their  maxima  at  different  times.  It  has  been  experimentally 
proved  that  under  such  conditions  no  electric  waves  can  be 
emitted ;  it  here  being  taken  for  granted  that  electric  oscillations 
occurring  under  the  proper  conditions  give  rise  to  what  are 
known  as  "electric  waves,"  a  phenomenon  which  many  years 
ago  has  been  well  studied  and  described  by  many  eminent 
scientists. 

Let  the  condenser  of  Fig.  i     be  opened  up  into  the     form 
shown   in   Fig.   2,   with   the  two   metal  plates,  .WW.,  extended 
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out  like  wings,  and  conductor  with  spark  gap,  A,  in  the  middle 
made  straight.  As  before,  air  is  the  dielectric.  When  they  are 
charged,  there  will  be  an  electric  field  from  one  to  the  other 
as  in  Fig.  3.  If  a  current  were  rushing  up  and  down  from  one 
to  the  other,  there  would  be  a  magnetic  field,  as  shown  in  Fig. 
4.     Now,  when  a  spark  is  made  to  pass,  setting  up  a  series     of 
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oscillations,  the  electric  field  between  the  wings  will  extend,  as 
the  dotted  lines  show,  right  across  the  space  where  the  magnetic 
field  will  occur  during  the  rushes  of  the  current  up  and  down 
the  rod.  The  electric  field  will  not  have  died  away  before  the 
magnetic  field  has  begun  to  grow,  so  that  both  kinds  of  fields  can 
be  present  in  the  same  space  at  the  same  time,  and  while  the 
electric  lines  will  be  mainly  parallel  to  the  conductor  the  mag- 
netic lines  will  be  transverse  whirls  around  it.  For  the  produc- 
tion of  electric  waves  it  is  necessary  that  there  should  be  both 
an  electric  field  and  a  magnetic  field  at  the  same  point  of  space 
and  at  the  same  time.  This  simple  apparatus  is  capable,  then, 
of  throwing  off  into  the  space  surrounding  it  an  electric  wave 
at  each  oscillation.  Such  waves  do  not  return  back  into  the 
system,  but  go  travelling  off  into  space  with  the  speed  of  light, 
following  one  another  as  in  Fig.  5.  The  more  the  metal  plates 
present  of  free  surface,  the  more  freely  do  they  radiate  off  elec- 
tric waves.  If  they  consist  of  flat  metal  the  electric  waves  radi- 
ate off  more  freely  from  the  flat  faces  than  from  their  ends  or 
edges.  If  set  vertical  they  radiate  out  mainly  in  front  and  be- 
hind, but  they  may  be  set  horizontally  at  the  ends  of  the  sys- 
tem. The  late  Professor  Hertz  devised  this  simple  apparatus 
in  1887  for  the  manufacture  of  electric  waves.  It  is  known  as  a 
Hertz  Oscillator. 

Now,  to  detect  these  waves,  Hertz  placed  in  another  part 
of  the  room  an  exactly  similar  apparatus  with  two  plates  and  a 
minute  spark  gap,  as  shown  on  the  right  of  Fig.  5.  The  spark 
gap  B  was  not  more  than  i-iooo  inch,  otherwise  the  induced  elec- 
tromotive force  was  not  able  to  make  the  spark  jump  across 
the  air  space.  Hertz,  on  placing  an  oscillator  and  a  detector  like 
these,  a  few  feet  apart  in  a  room,  found  that  a  spark  occurred  at 
B  every  time  a  spark  occurred  at  A.  This  induced  emf.  was 
seen  to  be  due  to  waves  emitted  from  the  oscillator  and  caught 
by  the  detector.  Hertz  was  also  able  to  show  that  these  electric 
waves  could  be  reflected  from  a  large  sheet  of  metal  or  collected 
by  a  parabolic  mirror  or  refracted  through  a  prism  of  pitch  ;  in 
fact,  they  behaved  like  waves  of  light,  only  they  were  quite  in- 
visible. 

These  results  obtained  b}-  Hertz  led  other  men  to  experi- 
ment. Branly  discovered  that  a  heap  of  metal  filings  possesses  the 
very  curious  property  that  although  they  are  usually  a  very  bad 
conductor  because  of  the  innumerable  imperfect  contacts  among 
the  particles,  they  yet  become  a  much  better  conductor  when 
an  electric  spark  is  made  anywhere  near  them.  Lodge  found  that 
the  imperfect  contact  made  a  pointed  wire  resting  against  a 
metal  plate  to  be  sensitive  to  the  action  of  an  electric  wave. 
Such  imperfect  conductors  are  called  coherers.  Taking  advan- 
tage of  Branly 's  observations.  Lodge  constructed  a  coherer  of 
metal  filings  enclosed  in  a  small  glass  tube  between  metal  rods 
inserted  at  the  ends,  and  this  proved  very  sensitive,  but  he  found 
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that  it  required  to  be  tapped  after  each  operation  to  cause  the 
filings  to  decohere,  and  proposed  methods  of  automatic  tapping 
which  will  be  touched  on  later. 

The  method  in  which  the  coherer  was  usea  to  detect  the 
electric  signals  is  as  follows :  The  coherer  was  connected  to  a 
voltaic  cell  and  a  galvanometer  in  series.  The  coherer  has  so 
poor  a  conductivity  that  practically  no  current  fiows.  Directly 
an  electric  wave  falls  upon  the  coherer  or  upon  the  wires  attach- 
ed to  it,  it  sets  up  oscillations,  and  probably  also  sets  up  minute 
sparks  in  the  air  gaps  between  the  filings.  Whether  this  is  so 
or  not.  it  increases  the  conductivity  of  the  filings  so  that  the  cell 
is  able  to  send  enough  current  through  the  circuit  as  is  detected 
by  the  galvanometer  (see  Fig  6.)  Lodge  found  considerable 
advantage  in  fastening  to  the  coherer  an  extended  wire  as  an 
antenna  to  receive  the  wave.  In  his  early  experiments  he  put 
the  whole  apparatus  in  a  tight  metal  box  to  exclude  the  efifects 
of  any  stray  waves,  the  only  thing  projecting  out  of  the  box 
being  the  receiving  antenna.  With  such  a  coherer  he  was  able 
to  extend  the  distance  between  transmitter  and  receiver  to  two 
miles. 

He  also  extended  the  distance  by  using  at  the  spark  gap  a 
single  polished  ball  between  two  smaller  ones. 

In  the  Hertz  upright  oscillator,  as  in  Fig.  5,  the  capacity 
plates  at  the  top  and  bottom  ends  of  the  oscillator  are  the  places 
which  become  most  highly  charged,  the  middle  part  of  the  con- 
necting system  being  as  it  were  a  node  in  the  waves.  The  same 
would  be  true  of  the  same  apparatus  if  used  as  a  detector.  The 
ends  are  the  places  which  receive  the  maximum  charges  of  po- 
tential. The  middle  part  is  the  seat  of  the  strongest  currents, 
and  whole  loops  of  Avaves  are  sent  out.  But  this  is  no  longer 
the  case  if  the  oscillator  or  receiver  is  earthed,  as  to  the  lower 
half,  and  the  node  in  the  electric  wave  occurs  just  above  the 
earth  and  waves  of  which  half  are  in  the  air  are  sent  out. 

This  idea  of  having  half  the  wave  travelling  in  air  and  the 
other  half  in  the  ocean  or  earth  is  of  great  advantage.  The 
waves  maintain  continuous  contact  with  earth,  are  not  sent 
through  space,  but  undulate  along  the  surface,  and  cannot  be 
reflected  by  earth  into  space  as  they  would  be  if  the  waves  were 
closed  upon  themselves ;  so  this  prevents  the  dispersion  of  en- 
ergy in  any  disadvantageous  direction,  and  at  the  same  time 
facilitates  its  transmission  in  the  useful  direction,  that  is  to  say, 
in  the  horizontal,  and  in  practice  it  is  found  that  the  intensity  of 
the  wave  does  not  diminish  more  rapidly  than  the  simple  inverse 
of  the  distance  from  the  centre  of  emission. 

Since  the  earth  takes  an  essential  part  in  the  transmission 
of  waves  it  must  be  of  good  conductivity :  wet  soil  or  sea.  Earth- 
ed apparatus  does  not  work  over  a  dry  desert.  The  movement 
of  the  half  loops  of  electric  waves  outward  from  an  earthed 
oscillator  as  distinguished  from  the  non-earthed  oscillator  used 
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by  Hertz  and  Lodge,  is  hindered  by  a  bad  conductivity  on  the 
earth's  surface,  but  is  helped  by  the  fairly  good  conductivity  of 
the  sea.  On  the  other  hand,  for  non-earthed  oscillators  emit- 
ting whole  loops  of  waves,  the  conducting  power  of  the  earth 
is  no  help. 

The  first  wireless  telegraphing  was  done  by  Sir  Oliver 
Lodge,  who,  in  1894,  sent  wireless  signals  through  stone  walls 
and  from  one  building  to  another,  using  as  a  detector  a  filings 
coherer  as  described,  the  system  being  untuned.  Signor  ]\Iar- 
coni  at  first  made  his  experiments  with  a  coherer  put  to  earth 
in  circuit  with  a  single  cell  and  a  sensitive  telegraphic  relay, 
which  in  turn  actuated  an  ordinary  Morse  instrument,  printing 
dots  and  dashes.  In  1898  Marconi  adopted  the  plan  now  claim- 
ed essential  to  his  system  of  using  a  tall  mast  like  a  lightning 
conductor,  the  lower  side  of  the  spark  gap  being  connected  to 
earth  and  called  "the  aerial  wire,"  or  "antenna,"  or  "earthed  ver- 
tical oscillator." 

The  frequency  of  the  oscillations  is  determined  by  the  ca- 
pacity and  self-induction  of  the  apparatus  and  also  by  the  length 
from  the  node  to  the  ends  and  the  surface  presented.  Also  any 
evils  introduced  into  it  will  increase  its  self-induction  and 
lengthen  the  waves.  An  oscillator  like  Lodge's  or  Hertz's  has  re- 
latively large  surface  and  small  self-induction  and  will  radiate  so 
freely  that  the  wave  train  will  die  out  after  very  few  oscillations. 
Owing  to  the  fact  that  the  Marconi  aerial  resembles  the  Hertz 
oscillator  in  possessing  a  large  radiation  surface,  it  cannot  send 
out  such  trains  of  waves  as  would  be  required  for  syntonic  work- 
ing, or  in  other  words,  it  is  necessary  to  tune  the  instruments 
and  the  aerial.  In  none  of  the  early  operations  could  tuning  be 
secured,  and  they  were  liable  to  interference  from  stray  disturb- 
ances in  the  atmosphere. 

With  regard  to  tuning  we  must  observe  that  the  receiving 
apparatus  is  a  vibrator  similar  to  the  sender,  and  therefore  on 
the  first  arrival  of  an  electric  impulse  electrical  vibrations  will 
be  produced  in  it,  having  periods  similar  to  that  of  the  receiving 
apparatus.  The  same  effect  will  be  produced  with  the  arrival 
of  each  wave,  and  since  the  effects  are  additive,  it  is  necessary 
that  the  arriving  waves  should  have  the  same  rhythm  or  period 
as  those  which  are  set  up  in  the  sky  rods,  otherwise  the  vibra- 
tions set  up  by  the  successive  impulses  will  overlap  each  other, 
irregularly  weakening  each  other,  and  producing  what  is  called 
interference  of  waves.  Therefore  when  waves  are  striking  the 
rceiving  apparatus  it  is  the  duty  of  the  operator  to  varv  the  ca- 
pacity and  inductance  of  his  apparatus  so  that  his  apparatus 
will  vibrate  with  the  same  rhythm  as  the  distant  transmitting 
apparatus,  and  in  practice  the  high  clear  note  is  found  to  be  the 
one  desired,  that  is,  if  a  telephone  were  connected  in  the  coherer 
circuit  one  should  hear  clear  high  notes  for  best  working.  When 
tlie  receiving  apparatus  is  so  set  as  to  receive  messages  it  will 
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generally  be  found  that  a  hum  can  be  heard  in  the  telephone. 
Stray  disturbances  in  the  atmosphere,  perhaps  static  disturb- 
ances, or  stray  waves  emitted  from  some  place  or  other  cause 
this,  and  therefore  if  station  A  wishes  to  converse  with  station 
B  the  apparatus  of  the  receiving  station  must  be  tuned  such  that 
the  required  message  is  heard  above  these  other  minor  ones. 
As  stated  before,  the  high  note  is  required  for  good  working,  and 
the  higher  the  note  the  easier  it  is  for  the  operator  to  distinguish 
it.  Also  in  this  connection  it  might  be  well  to  note  that  waves 
should  not  be  damped.  Damped  waves  diminish  and  die  away 
after  a  few  vibrations.  Damping  n.iay  be  caused  by  too  high 
resistance  in  conductors,  spark  gaps.  etc.  A  high  sky  rod  re- 
duces damping  and  so  does  putting  part  of  oscillator  to  earth. 
If  a  source  of  persistent  oscillations  could  be  applied,  the  receiv- 
ing apparatus  could  be  tuned  to  the  sending  apparatus,  and  thus 
the  whole  system  be  rendered  far  more  sensitive  for  long-dis- 
tance work.  To  do  this  the  sending  apparatus  must  in  some 
way  be  linked  up  with  an  oscillation  circuit,  and  the  distant  re- 
ceiving apparatus  should  similarly  be  supplied  with  an  oscil- 
lation circuit ;  then  the  two  can  be  tuned  to  the  same  frequency 
of  oscillation.  There  are  more  ways  than  one  of  associating  the 
wave  apparatus  with  an  oscillation  circuit.  The  most  usual  one 
is  by  means  of  an  oscillation  transformer,  called  in  telegraphic 
language  a  "jigger,"  and  is  due  to  Sir  Oliver  Lodge.  This  in- 
duction transformer  is  a  simple  arrangement  for  a  primary  coil 
of  one  or  two  turns  surrounding  or  surrounded  b}^  a  secondary 
coil  of  a  larger  number  of  turns.  •  A  simple  form  of  jigger  is 
shown  in  Fig.  7;  J  is  the  jigger,  represented  by  two  separate 
spirals,  K  the  condenser,  C  the  coherer.  When  the  primary 
coil  is  traversed  by  oscillations  they  induce  other  oscilla- 
tions in  the  secondary  circuit,  but  these  last  are  feeble  unless  a 
condenser  is  put  across  the  secondary  terminals  and  the  two  cir- 
cuits brought  into  resonance. 

Besides  the  advantage  gained  by  tuning,  there  is  another 
advantage  of  putting  the  oscillation  transformer  into  the  receiv- 
ing circuit.  For  at  the  node  of  the  receiving  aerial  the  potential 
is  a  minimum,  and  the  current  a  maximum.  Therefore  as  the 
coherer  depends  on  the  potential  and  not  on  the  current,  the 
node  is  a  bad  place  to  insert  the  coherer,  as  was  done  at  first. 
By  placing  in  the  node  the  primary  of  the  transformer  and 
inserting  the  coherer  in  the  secondary,  the  increased  voltage  so 
applied  to  the  coherer  was  found  to  increase  its  sensitiveness 
considerably,  and  therefore  greatly  extended  the  range  of 
working,  ^larconi  being  desirous  of  working  over  still  greater 
distance,  adopted  (in  1899)  the  jigger  into  his  arrangements,  and 
was  able  to  signal  eighty-five  miles.  For  transmitting  oscilla- 
tions the  transformer  was  generally  constructed  as  follows  :  It 
consisted  of  a  square  wooden  frame  wound  over  with  a  number 
of  lengths  of  highly  insulated,  stranded  copper  cable,  joined  in 
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parallel,  so  as  to  make  a  primary  of  one  turn.  Over  this  is 
wound  a  secondary  of  from  five  to  ten  turns.  The  oscillation 
transformer  is  usually  immersed  in  oil. 

Having-  obtained  the  syntonisation  of  the  stations  in  such 
a  manner  that  the  receiving  station  will  only  answer  to  the  wave 
emitted  by  a  station  tuned  to  its  period,  it  will  be  easily  under- 
stood that  if  there  be  several  receiving  stations,  each  one  tuned 
to  a  different  period  of  electrical  oscillations,  and  whose  corres- 
ponding length  of  wave  is  known  at  the  sending  station,  this 
latter  can  tune  its  own  apparatus  in  such  a  manner  that  the  de- 
spatch shall  be  received  by  one  determined  station  among  these, 
and  then  modify  the  tuning  in  order  to  communicate  with  an- 
other, the  message  with  the  first  having  ceased,  and  so  on. 

The  problem  of  multiple  communication,  that  is  to  say,  the 
communication  simultaneously  to  several  stations  in  any  direc- 
tion and  in  a  similar  radius  of  action,  is  therefore  intimately 
associated  with  that  of  syntonisation.  It  will  be  easily  under- 
stood that  a  given  station  will  have  greater  importance  even 
from  the  business  point  of  view  in  proportion  as  the  number  of 
special  stations  with  which  it  can  communicate,  be  greater. 

Marconi  has  contrived  a  way  by  which  he  can  at  one  and 
the  same  time  transmit  from  a  single  station  several  messages. 
In  1903,  in  Italy,  he  sent  five  messages  at  once  from  a  single  sky 
rod.  As  spoken  of  before,  tuning  can  be  accomplished  by  chang- 
ing capacity,  inductivity  or  both.  Signer  Marconi,  for  greater 
facility  and  certainty  of  action,  causes  conductors  of  diflferent 
capacity  and  inductance  to  be  thrown  into  contact  with  the  aerial 
and  having  it  arranged  so  that  this  can  be  done  for  each 
transmitting  apparatus,  then  no  two  will  have  the  same  wave 
form  and  thus  two  or  more  signals  can  be  leaving  the  aerial  at 
the  same  time.  The  receivers  can  be  similarly  fixed  so  that  each 
will  take  care  of  its  own  messages. 

In  passing  from  the  theoretical  discussion  to  a  discussion  of 
practical  apparatus  as  is  used  by  wireless  companies,  it  mig-ht  be 
stated  that  to  fully  discuss  the  theory  of  radio-telegraphy,  higher 
mathematics  should  be  made  use  of,  as,  for  instance,  to  show 
relations  existing  between  wave  length  and  capacitv.  Also  the 
formulae  for  induction  frequency,  wave  length  and  capacity 
could  be  derived,  but  space  is  too  limited  for  that  phase  of  the 
subject. 

An  ordinary  wireless  station  contains  at  least  one  transmit- 
ting set  and  one  receiving  set.  If  it  is  a  station  that  is  sup- 
posed to  work  within  a  radius  of  five  hundred  miles,  the  trans- 
mitting set  will  likely  consist  of  a  motor  generator  set,  an  oscil- 
lation transformer,  a  variable  inductance  and  capacity  in  the  form 
of  coils  and  condensers,  a  spark,  gap,  a  key.  and  an  aerial.  The 
receiving  apparatus  has  the  same  aerial  as  part  of  it,  a  detector 
of  some  kind,  as,  for  example,  the  coherer,  a  tuning  device  con- 
sisting of  inductance  coils  and  condensers,  a  telephone  or  some 
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recording  telegraphic  device  or  sounder,  including  the  necessary- 
wiring  and  switches.  A  large  transmitting  station,  such  as  a 
trans-Atlantic  one,  needs  more  apparatus  than  a  simple  motor 
generator  set  for  generation  of  power.  In  such  a  station  we  find 
the  accumjilator  house,  the  condenser  house,  a  boiler  room,  en- 
gine room,  an  operating  room  and  a  high  tension  room  and 
an  arial  covering  several  acres,  all  of  which  will  be  discussed 
in  detail. 

Transmitting  Apparatus. 

For  short-distance  spark  telegraphy  the  necessary  high  po- 
tential is  always  obtained  by  the  use  of  an  induction  coil  or  trans- 
former;  either  a  single  instrument  or  a  number  of  induction  coils 
or  transformers  may  be  employed,  having  their  secondary  cir- 
cuits joined  in  series  and  their  primary  in  parallel. 

The  most  usual  appliance  is  an  induction  coil  of  the  ordinary 
tj'pe,  having  a  spark  length  of  ten  inches  and  taking  current 
from  storage  batteries  or  from  a  small  single  phase  alternator. 
The  induction  coil  is  placed  on  the  table  in  the  transmitting  sta- 
tion, or  it  may  be  fastened  to  the  Avail.  It  may  be  operated  either 
by  alternating  current  or  an  interrupted  continuous  current. 

The  next  element  in  the  transmitting  apparatus  is  the  sig- 
nalling key  for  interrupting  the  primary  circuit  in  accordance 
with  the  signals  of  the  jNIorse  alphabet  or  Continental  code. 
This  must  be  a  quick  break  key  with  a  long  ebonite  handle 
easily  operated,  and  has  generally  a  magnetic  blow-out  in  con- 
nection with  the  platinum  terminals  between  which  the  inter- 
ruption takes  place.  Alarconi  has  tried  several  kinds  of  keys. 
Some  have  the  points  touch  in  air,  some  in  a  recipient  filled  with 
paraffin.  He  uses  in  his  key  circuit  a  condenser  in  shunt  so  as 
to  do  away  with  self-induction  sparks  on  opening  or  closing  the 
circuit.  Also  if  an  alternator  is  used  a  provision  is  made  to  save 
it,  since  it  is  running  all  the  time.  Afarconi  puts  in  parallel  with 
the  key  a  reaction  coil  whose  reactance  when  its  core  is  com- 
pletely immersed  is  such  as  to  damp  entirely  the  exciting  cur- 
rent. Every  time  the  key  is  closed  the  current  excites  the  prim- 
ary of  the  transformer  and  discharges  are  produced  and  on  the 
other  hand  when  the  key  is  raised,  the  exciting  current  is  an- 
nulled by  the  reactance  and  the  discharges  cease  without  any 
necessity  of  altering  the  Avorking  of  the  alternator. 

Reference  has  previously  been  made  to  the  oscillating  trans- 
former or  jigger.  JMarconi  prefers  to  connect  the  aerial 
inductively  with  the  energy-storing  circuit  by  the  oscillation 
transformer.  It  consists  of  a  few  turns  of  ])rimary  winding 
wound  on  a  wooden  frame  and  more  turns  of  a  secondary  con- 
nected in  series  with  the  aerial  that  has  a  variable  inductance 
between  this  secondary  winding  and  the  earth  connection.  This 
last  mentioned  inductance  is  reallv  a  turning  coil.     A  condenser 
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is  put  in  series  with  the  line  leading  to  one  end  of  the  primary 
of  the  jigger  and  the  spark  gap  is  connected  in  parallel  with  the 
primary  coil  having  this  condenser  in  a  line  between  the  spark 
gap  and  primary  winding. 

Reference  might  here  be  made  to  what  happens  when  two 
oscillation  circuits  are  connected  together  inductively  and  in  tune 
with  one  another :  oscillations  set  up  in  one  circuit  results  in  the 
production  of  oscillations  in  both  circuits,  having  two  fre- 
quencies, one  greater  and  the  other  less  than  the  natural 
frequency  of  each  circuit  when  separate.  Hence  w^hen  employing 
an  induction  coupled  antenna  which  has  been  syntonised  with 
the  condenser  circuit,  it  is  necessary  to  bear  in  mind  that  oscil- 
lations of  two  frequencies  are  set  up  in  the  antenna  and  waves  of 
two  wave  lengths  radiated  from  it.  one  greater  ana  the  other  less 
than  the  wave  length  corresponding  to  the  natural  frequency  of 
the  antenna  taken  alone.  One  of  these  waves  has  greater  ampli- 
tude than  the  other,  the  long'est  wave  length  being  the  least 
damped  and  therefore  having  the  greatest  integral  value.  The 
wave  lengths  approximate  to  one  another  in  proportion  as  the 
coupling  is  made  weaker  but  then  they  also  diminish  in  amplitude 
so  that  by  the  employment  of  a  weak  coupling,  which  can  be  done 
by  separating  the  primary  and  secondary  of  this  transmitting 
jigger,  we  get  a  radiation  which  is  a  little  feebler  but  of  a  single 
wave  length,  whereas  by  close  coupling  we  get  more  powerful 
waves  but  waves  of  two  wave  lengths  radiated,  and  the  receiving 
antenna  must  accordingly  be  syntonised  to  one  or  other  of  these 
wave  lengths. 

As  regards  condensers  for  the  oscillation  circuit,  althougli  a 
Leyden  jar  is  a  bulky  form  of  condenser  in  comparison  with  its 
energy  storing  power,  nevertheless  its  simplicity  still  recom- 
mends it.  The  main  condenser  consists  of  a  battery  of  them 
joined  partly  in  parallel  and  partly  in  series.  It  is  very  import- 
ant that  the  capacity  of  the  condenser  is  exactly  known  and  the 
jars  selected  so  as  to  be  exactly  equal  to  eliminate  as  far  as  pos- 
sible electric  brush  discharges.  The  condenser  can  be  con- 
structed of  plates  immersed  in  oil.  Krush  discharges  are  thereby 
prevented  and  accuracy  of  tuning  is  secured  bv  preserving  a 
constant  known  capacity  in  the  condenser  circuit.  Exact  synto- 
nisation  between  condenser  circuit  and  aerial  circuit  is  absolutely 
necessary.  Other  things  being  equal  the  radiation  will  be  in 
proportion  to  the  mean  square  value  of  the  current  flowing  into 
the  base  of  the  antenna.  The  current  mav  be  measured  by  in- 
serting in  that  point  a  hot  wire  ammeter. 

Another  important  element  in  the  transmitting  arrangement 
is  the  spark  discharge.  When  large  capacities  are  being  em- 
ployed the  noise  of  this  spark  is  distressing  and  any  one  who 
understands  the  code  can  read  the  messages  at  a  great  distance. 
The  spark  balls  should  be  enclosed  and  have  alkaline  material 
close     by  for  absorbing     acid  vapors  or  gases.       It  is  of  great 
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advantage  to  blow  a  jet  of  air  upon  the  spark  gap  to  quench  the 
arc.  A  spark  gap  can  be  done  away  with  and  a  Poulsen  arc 
substituted  in  its  place.  This  is  a  device  invented  (in  1903)  by 
Poulsen  of  Copenhagen.  He  produced  an  electric  arc  between 
a  carbon  rod  as  a  negative  and  a  copper  rod  as  a  positive 
terminal,  the  latter  being  kept  cool  by  water  circulation.  This 
apparatus  gives  very  powerful  undamped  oscillations,  the  fre- 
quency of  which  by  a  proper  selection  of  capacity  and  induct- 
ance, can  be  made  to  be  as  high  as  a  million  or  more,  and  quite 
within  the  range  of  those  required  for  radio-telegraphic  work. 

Marconi  in  his  large  stations  has  made  use  of  a  new  device 
for  discharging,  known  as  the  High  Speed  Discharger.  In  or.e 
form  of  it,  there  are  caused  to  rotate  rapidly  by  electric  motors 
or  other  means  two  discs  with  perforations.  Between  these, 
and  insulated  from  them,  another  disc  (v/ith  its  plane  at  right 
angles  to  the  other  two)  rotates  at  a  high  speed.  This  plane  and 
the  two  discs  are  connected  in  the  circuit  with  inductances  and 
condensers.  At  a  certain  potential,  the  condensers  discharge 
with  oscillations  across  one  or  other  of  the  air  gaps  between  the 
rapidly  revolving  disc.  The  arc  discharge  which  attempts  to 
follow  in  the  track  of  the  oscillation  is  however  prevented  by  the 
rotation  of  the  discs  from  taking  place.  A  very  high  piercing 
note  is  produced  by  this  sparking  apparatus. 

The  length  of  antenna  varies  with  the  size  of  the  station. 
A  small  five  kilowatt  station  for  operating  up  to  500  miles  would 
have  a  tower  about  150  feet  high,  situated  on  some  high  point, 
and  having  bare  wires  leading  in  a  downward  direction.  Another 
scheme  is  to  use  two  towers  joined  by  bare  wires  and  a  tie- 
arrangement  leading  to  receiver.  In  the  very  large  stations  as 
for  example  the  Glace  Bay  Station,  the  Clifden  Station  on  the 
coast  of  Ireland,  or  the  Poldu  station  of  Cornwall,  more  ex- 
tensive aerial  is  required.  At  the  Glace  Bay  Station  at  Cape 
Breton  Marconi  has  four  towers  built  with  a  cone  shaped  envel- 
ope of  wires  suspended  from  the  top  of  the  towers,  thus  making 
it  possible  to  have  a  large  radiation  surface.  The  aerial  appar- 
atus at  the  German  station  of  Nauen  near  Berlin  is  pretty  extens- 
ive. That  company  uses  there  a  steel  tower  328  feet  high  built 
so  as  not  to  vibrate,  the  tower  being  triangular  and  thirteen  feet 
to  a  side.  The  tower  is  insulated  from  the  earth  as  well  as  the 
guy  cables.  The  antenna  is  sloped  like  an  umbrella,  the  tower 
representing  the  rod.  The  aerial  is  divided  into  six  sections,  the 
upper  part  consisting  of  six  sections  of  54  wire  cables,  nine 
in  each  of  the  six  sections.  At  a  point  82  feet  from  the  top  of 
the  tower  each  cable  divides  into  three  so  that  there  are  162 
cables  altogether.  The  aggregate  surface  enclosed  is  fifteen 
acres.  The  cables  are  insulated  from  the  ground  and  led  in 
parallel  to  the  station.  The  ground  contact  is  made  through  a 
system  of  108  wires  buried  in  low  wet  ground.  These  wires 
divide  as  they  diverge,  and  the  area  enveloped  is  thirty-one  acres. 
There  are  altogether  324  wires  in  the  ground.     Most  of  Marconi 
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trans-Atlantic  stations  are  situated  near  the  coast  in  the  very 
wettest  piece  of  g"round  he  can  find  in  the  region.  The  station 
at  Glace  Bay  is  in  a  very  desolate,  lonely  swampy  place. 

Just  here  it  mig'ht  be  well  to  speak  of  the  transmitting 
apparatus  of  the  Nauen  station.  The  operating  rooms  occupy  a 
brick  building,  the  ground  floor  of  which  contains  the  dynamo, 
the  transmitting  office  and  the  work  ship.  All  the  high  tension 
apparatus  is  placed  in  the  second  storey  where  it  is  free  from 
dampness  and  hence  more  perfectly  insulated.  The  power  is 
furnished  by  a  35  H.P.  engine  which  drives  a  single  phase  alter- 
nator coupled  to  an  exciter  on  the  same  shaft.  This  generator 
at  a  speed  of  750  R.P.M.,  furnishes  25  kilowatts  of  electrical 
power  in  the  form  of  a  single  phase  current  of  50  cycles  per 
second.  In  the  circuit  are  fusible  plugs,  voltmeter,  ammeter, 
frequency  indicator,  a  transmitting  and  cut  out  relay.  Four 
large  inductance  coils  are  in  the  dynamo  circuit,  in  addition  to 
the  four  transformers  which  produce  the  high  tension  transmit- 
ting current.     The  transmitting  circuit  also  includes  a  batter}^  of 
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360  Leyden  jars  arranged  three  in  scries  by  120  abreast  and 
having  an  aggregate  capacity  of  400,000  coulombs. 

This  station  just  described  has  sent  messages  1500  miles 
over  water  and  received  telephonic  messages  from  St.  Peters- 
burg a  distance  of  840  miles. 

Marconi,  to  transmit  messages  across  the  Atlantic,  uses  an 
installation  of  75  kilowatt  capacity,  the  voltage  being  trans- 
formed up  to  about  a  quarter  to  half  a  million  volts. 

Receiving  Apparatus. 

The  discussion  of  receiving  apparatus  centres  around  that 
of  a  special  part  of  it  known  as  the  detector.  There  are  indeed 
many  forms  of  detector  of  electro-magnet  waves  from  the  old 
filings  coherer  to  the  latest  inventions  of  magnetic  and  electro- 
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lytic  detector  and  lasth'  the  famous  Fleming  Valve  Receiver. 

Marconi  first  used  a  coherer  as  a  detector.  It  had  nickel 
filings  wit'h  four  per  cent,  silver  in  it.  The  dimensions  of  such 
a  coherer  are  i>2  inch  long,  i-io  inch  internal  bore  with  silver 
stoppers  1-5  inch  long  and  the  space  between  for  filings  being 
1-50  inch.  With  this  delicate  apparatus  1.5  volts  was  the  maxi- 
mum voltage  he  used  and  one  milli  ampere  was  the  maximum 
current  sent  through  by  a  single  cell.  He  used  a  decoherer  in 
the  form  of  a  hammer  actuated  by  an  electromagnet  which  just 
struck  a  rubber  pad  on  tihe  coherer  tube. 

The  second  type  of  coherer  used  was  a  magnetic  one.  It 
was  discovered  that  electric  waves  can  exercise  a  demagnetizing 
influence  upon  a  highh-  magnetized  small  steel  needle  and  a  mag- 
netic detector  of  waves  on  this  principle  was  made.  ]\Iarconi 
for  telegraphic  work  invented  an  improved  form  of  detector  a 
diagram  of  which  is  given  in  fig.  8,  made  as  follows :  Two  wooden 
discs  e,e,  grooved  on  the  edges  are  driven  mechanically  by 
clock  work.  An  endless  band  a^r,  made  of  a  bundle  of  fine  silk- 
covered  iron  wireS;,  is  arranged  like  a  belt  over  these  pulleys 
and  moves  forward  "at  the  rate  of  about  three  inches  per  second. 
At  one  place  the  iron  band  passes  through  a  glass  tube,  g.b.,  on 
which  is  wound  a  coil  of  insulated  wire  through  which  oscilla- 
tions can  be  passed  and  this  coil  is  embraced  in  the  centre  of 
another  coil,  c,  connected  with  the  telephone  T.  A.  pair  of  horse- 
shoe magnets  are  placed  with  their  similar  poles  together  oppos- 
ite to  the  last  mentioned  coil  as  sliown  in  the  diagram.  If 
electric  oscillations  pass  through  the  coil  wound  round  the  band 
they  change  the  magnetic  state  of  the  iron  and  generate  an 
induced  in  the  secondary  coil  and  hence  a  current  and  sound  in 
the  telephone.  The  operation  of  this  instrument  was  consid- 
ered by  Marconi  to  be  due  to  the  power  of  electric  oscillations 
passing  througli  tihe  coil  surrounding  magnetized  iron  to  annul 
the  hysteresis  of  the  iron.  A  magnetic  detector  like  this  is  found 
to  work,  when  there  are  static  disturbances  a  little  better  than 
some  other  detectors. 

The  third  and  present  detector  used  by  Marconi  is  known 
as  the  Fleming  Valve  Receiver,  invented  by  J.  A.  Fleming, 
M.A.,  D.Sc,  Pender  Professor  of  Electrical  Engineering  in  the 
University  of  London.  He  first  used  an  ordinary  incandescent 
lamp  with  carbon  filament  and  having  a  metal  plate  included  in 
the  glass  bulb  or  a  metal  cylinder  placed  around  the  filament, 
fhe  said  plate  or  cylinder  being  attached  to  an  independent 
insulated  platinum  wire  T,  sealed  through  the  glass.  When 
the  carbon  is  rendered  incandescent  by  electric  current,  the  space 
between  the  filament  and  th  plate,  occupied  by  highly  rarefied 
gas  possesses  a  unilateral  conductivity  and  negative  electricity 
will  pass  from  the  filament  to  the  plate  but  not  in  the  opposite 
direction.  This  depends  upon  the  well-known  fact  that  carbon 
in  a  state  of  hig'h  incandescence  liberates  negative  ions.  A 
practical  lamp  has  been  made — a  small  incandescent  lamp  with 
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a  rather  thick  filament  taking  about  2  amperes  at  a  terminal 
voltage  of  12  volts.  Fig.  9  shows  how  this  detector  is  used  in 
radio-telegraphy  work.  The  antenna  A,  is  coupled  through  an 
oscillation  transformer  with  a  circuit  which  includes  the  valve, 
O,  and  the  fine  wire  coil  of  an  ordinary  lo-inch  spark  induction 
coil,  I,  the  low  resistance  coil  of  which  is  in  circuit  with  the 
telephone  T.  Condensers  are  placed  across  the  secondary  circuit 
of  the  oscillation  transformer  and  also  in  series  with  the  fine  wire 
coil  of  the  large  induction  coil.  By  suitable  adjustments  of  the 
capacity  of  this  condenser  the  circuits  are  brought  into  resonance. 
Oscillations  taking  place  in  the  antenna,  due  to  the  impact  of 
electric  waves  upon  them  are  then  transformed  by  the  jigger, 
rectified  by  the  oscillation  valve  and  sent  through  the  fine  wire 
coi!  of  the  large  induction  coil  in  the  form  of  a  unidirectional  but 
intermittent  current  and  these  oscillations  are  again  transformed 
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up  in  current  value  by  the  large  induction  coil.  In  this  way  a 
sound  is  created  in  the  telephone.  So  used,  the  oscillation  valve 
becomes  one  of  the  best  long  distance  receivers  for  electric  waves 
yet  devised  . 

At  the  top  of  the  departmental  store  of  John  Eaton.  Esq., 
Toronto,  is  a  wireless  station  which  has  all  three  of  the  Marconi 
type  of  detector  installed  and  in  first  class  condition,  the  station 
being  of  two  kilowatt  capacity.  Power  is  furnislied  by  a  motor- 
generator  set  at  500  volts  and  the  voltage  is  transformed  to 
12000  by  the  oscillation  transformer.  The  spark  used  is  five- 
eights  inch  long,  being  two  gaps  in  series.  The  operator  can 
intercept  messages  sent  out  from  the  Atlantic  stations  near  New 
York  and  is  in  daily  communication  with  the  Clarke  Great  Lake 
stations.  The  high  efficiency  of  this  station  is  due  to  the  ex- 
cellent tuning  apparatus  a  wiring  diagram  of  which  is  shown  in 
Fig.  II.  The  Fleming  valve  is  the  detector  shown.  Two  valves 
are  installed,  onl}-  one  being  in  use  at  a  time.  Neverthless  they 
find  the  magnetic  detector  the  better  during  static  disturbances 
in  the  atmosphere.  A  fine  adjustment  for  tuning  is  to  be  had  in 
the  billi-condenser.  When  the  operator  is  just  listening  the 
switch  is  on  the  stand-by  side  but  when  communication  is 
opened  up  with  any  one  particular  place  it  is  thrown  over  to  the 
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tuning  side  and  the  receiving  apparatus  is  tuned  to  read  the 
required  message,  the  tuning  cutting  out  all  stra}^  disturbances 
and  messages  of  other  stations.  The  wave  length  for  this  outfit 
is  about  300  metres.  It  possesses  an  advantage  over  the  Clarke 
system  in  the  operator  being  able  to  receive  and  transmit  at 
practically  the  same  instant :  all  that  is  necessary  to  receive  is 
to  stop  working  the  key  whereas  in  the  Clarke  Lake  stations 
a  lever  has  to  be  moved  which  (to  accomplish)  takes  a  little 
time. 

Besides  the  form  of  detector  used  by  Marconi  an  American 
company  headed  by  Fessenden  uses  an  electrolytic,  detector.  It 
is  shown  in  Fig.  10.     It  consists  essentially  of  a  vessel  having  as 
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one  electrode  a  very  fine  short  wire  of  platinum  ofi'ering  therefore 
an  extremely  small  surface.  This  electrode  is  generally  made 
the  anode.  The  other  electrode  is  a  silver  plate.  The  electro- 
lyte is  sulphuric  acid.  The  cell  becomes  polarized  but  electric 
oscillations  depolarize  it.  thus  allowing  a  current  to  circulate 
and  giving  rise  to  a  sound  in  the  telephone.  When  the  wave 
ceases  it  is  again  polarized.  It  is  quite  automatic  in  action  and 
very  efficient. 

Effect  of  Atmospheric  Conditions  and  Daylight. 
The  first  attempt  to  conduct  radio-telegraphy  extending  over 
many  hundreds  of  miles  revealed  the  important  influence  that 
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atmospheric   conditions   have   upon    such    telegraphy,   especially 
the  efifect  of  sunlight  upon  it. 

Marconi  conducted  experiments  on  board  S.  S.  Philadelphia 
on  the  Atlantic.  He  noticed  that  it  was  possible  to  receive 
signals  by  night  when  they  could  not  be  detected  by  day.  He 
found  that  there  was  very  little  difference  in  the  signals  received 
by  day  and  by  night  until  he  was  500  miles  from  Poldu. 
After  that,  day  signals  began  to  weaken  and  at  1500  miles  were 
hardly  perceptible.  At  daybreak  the  effect  was  worse.  This 
is  attributed  to  the  fact  that  light  dissipates  negative  charges  of 
electricity.  Some  scientists  say  that  the  atmosphere  especially 
under  the  influence  of  daylight  is  in  a  state  of  ionization  and  it 
has  been  shown  that  these  point  charges  of  negative  and  positive 
electricity  are  set  in  motion  by  long  electric  waves  travelling 
through  space  and  they  therefore  partially  absorb  the  wave 
energy. 

On  account  of  this  effect  of  daylight  messages  are  sent 
mostly  at  night,  Press  messages  being  sent  from  10  p.m.  to 
I  a.m. 

Another  important  fact  could  be  mentioned  in  connection 
with  long  distance  work  and  that  is  in  the  small  degree  to  which 
the  curvature  of  the  earth  seems  to  affect  intercommunication 
between  stations  employing  earth-connected  antenna.  It  is 
well  known  that  rays  of  light  and  sound  are  diffracted  to  some 
extent  around  obstacles  but  the  long  Hertzian  waves  from  an 
earthed  antenna  appear  to  pass  round  a  one-eighth  part  of  the 
circumference  of  the  earth  without  extravagant  diminution  of 
amplitude  other  than  that  due  to  distance  and  atmospheric 
absorption.  The  possible  cause  of  the  advantageous  trans- 
mission round  the  terrestrial  sphere  is  due  to  the  earth  connection 
both  of  the  transmitting  and  receiving  antennae,  wherebv  both 
these  antennae  and  the  earth  are  practically  converted  into  a 
single  oscillator. 

Radio-telegraphy  like  any  other  branch  of  electro-technics 
has  its  unsolved  problems  and  it  can  not  be  said  that  a  complete 
explanation  of  the  nature  of  the  propagation  of  electro-magnetic 
waves  over  and  round  the  surface  of  our  globe  has  been  reached 
which  is  beyond  dispute. 


CHICAGO'S  SHIP  AND  DRAINAGE  CANAL.* 

The  Engineering-  Society  of  the  University  of  Toronto  were 
afforded  a  highly  instructive  address  and  a  rare  opportunity  on 
December  12th,  when  Mr.  Isham  Randolph,  C.E.,  delivered  an 
illustrated  address  on  Chicago's  Ship  and  Sanitary  Canal.  While 
the  address  was  exceedingly  comprehensive,  it  was  evident,  as 
Mr.  Randolph  said,  that  so  vast  an  enterprise  could  not  be  justly 
dealt  with  in  one  address.  In  fact,  Mr.  Randolph  said  the  sub- 
ject could  be  treated  to  more  advantage  under  several  heads,  as, 
metropolitan,  state,  interstate,  national,  and  international.  In 
the  course  of  his  address  Mr.  Randolph  said  Chicago  is  but  74 
years  old  and  the  great  problems  arising  from  sudden  growth 
may  be  well  imagined.  He  first  took  charge  of  Chicago's  work 
in  1893,  s  ^6^"^'  months  after  the  great  fire.  At  that  time  Chicago 
was  a  straggling  sort  of  a  city  of  about  400.000  population. 
Streets,  in  many  cases,  were  below  water  level  an  dtremendous 
operations  have  taken  place  to  put  them  in  their  present  con- 
dition. Lake  Michigan  has  always  been  Chicago's  source  of 
drinking  water.  The  first  lake  tunnel  ran  two  miles  into  the 
lake,  but  this  was  later  regarded  as  insuffi'cient  and  it  was  run 
2  miles  further  out.  At  present  there  are  several  running  out  4 
miles  from  shore.  In  1886  there  was  a  commission  appointed 
concerning  this  matter  of  sewage.  This  commission  considered 
three  propositions,  (i)  an  intercepting  sewer  for  conducting 
sewage  to  southern  part  of  the  lake,  (2)  a  settling  basin  land 
filtration  plant,  but  as  this  affected  territory  belonging  to  Indiana 
that  state  raised  objection  to  this,  (3)  carrying  the  sewage  donw 
the  Illinois  valley.  But  with  the  failure  of  these  propositions 
the  present  problem  arose.  In  1889  the  Legislature  of  Illinois 
passed  a  sanitary  law,  which  materiall}-  affected  Chicago's  prob- 
lem. Whereas  20,000  cubic  feet  of  water  per  minute  was  obtain- 
able, they  planned  a  channel  for  obtaining  600.000  cubic  feet  per 
minute. 

This  canal  was  to  be  200  feet  wide  on  the  bottom  and  18  feet 
deep,  but  in  reality  it  was  202  feet  wide  at  bottom  and  22  feet 
maximum  depth.  Through  the  rock  the  channel  was  160  feet 
wide  at  bottom  and  minimum  depth  was  22  feet.  In  the  rock 
there  was  a  slope  of  2^  inches  per  mile  and  in  the  clay  and  sod 
a  slope  of  about  15^  inches  per  mile.  The  cut  was  made  through 
the  rock  with  a  channelling  machine  and  was  taken  out  in  3 
stokes  with  widths  at  the  bottom  of  160  feet.  161  feet  and  162 
feet  respectively,  these  offsets  being  allowed  for  the  proper  mani- 
pulation of  t  he  channelling  machine.  Mr.  Randolph  was  con- 
nected with  this  work  for  over  fourteen  years  and  it  assumed 
enormous  proportions  during  that  time.  One  might  reasonably 
ask  whether  this  enormous  expenditure  was  merited,  for  the 
sanitarv  district  of  Chicago  has  an  area  of  only  356  square  miles 


*  Courtesy  of  "The  Canadian  Engineer,"  Toronto. 
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.64  of  I  per  cent,  of  the  area  of  the  State  of  Illinois.  This  com- 
parativel}'  litle  area  expended  $63,000,000  for  his  prodigious 
undertaking.  The  report  of  the  health  commissioner  of  Chicago 
will  perhaps  tell  whether  this  really  was  a  paying  proposition. 
1  he  report  says  that  in  1891  Chicago  had  about  the  highest  death 
rate  from  typhoid  of  any  city.  The  result  of  these  sewage  im- 
provements was  that  from  64.1  per  100,000  population,  the  death 
rate  in  Chicago  for  typhoid  decreased  to  23.5  per  100,000  popu- 
lation. And  from  having  the  highest  death  rate  of  any  city  it 
now  has  about  the  lowest,  having  only  15.6  per  1000,000  death 
rate.  According  to  the  report  of  the  health  commissioner,  11,148 
typhoid  deaths  had  been  prevented  in  9  years  by  this  system. 
Mr.  Randolph,  in  his  address,  expressed  the  wish  that  Toronto 
had  such  a  drainage  canal. 

The  Chicago  ship  canal  is  eventually  200  feet  wide,  26  ft. 
deep  in  mid-stream  and  18  ft.  deep  at  the  banks,  and  some  28 
miles  long.  Mr.  Randolph  has  many  exceedingly  interesting 
slides  of  the  works,  a  remarkable  feature  being  the  description 
of  the  many  various  appliances  used  and  in  some  cases  devised 
for  the  first  time  to  facilitate  in  the  excavating  and  dredging  on 
this  work.  Among  some  of  the  most  interesting  slides  were 
those  of  the  Brown  level  conveyer,  which  would  often  complete 
its  operation  in  52  seconds  in  handling  10,000  pounds.  At  Lock- 
port  there  are  seven  gates,  interesting  from  size.  They  fill  gaps 
of  32  feet,  are  20  feet  high,  have  a  weight  of  62.000  pounds.  Two 
men  can  raise  and  lower  them  in  15-foot  pressure  of  water.  The 
"Bear  trap"  dam  at  Lockport  is  also  a  remarkable  feature — it  is 
160  feet  on  the  crest,  has  12  feet  oscillation  and  the  hinges  are 
anchored  20  feet.  The  placing  of  this  interesting  type  of  struc- 
ture at  Lockport  met  with  much  opposition  from  commissioners 
and  engineers  alike  and  they  predicted  it  would  be  a  failure.  It 
is,  however,  a  decided  success.  There  is  also  on  this  canal  the 
so-called  "Butterfly"  dam.  the  only  one  of  its  kind  in  the  world. 
It  is  184  feet  long,  34  feet  high  and  has  a  pressure  on  the  bottom, 
when  closed,  of  3,776,000  pounds.  Mr.  Randolph  solved  the  hard 
problems  of  successful  dredging  by  using  the  hydraulic  dredge. 
This  wonderful  machine  worked  so  well  that  another  was  built 
on  the  works.  With  the  hydraulic  dredge  the  contractors  were 
able  to  remove  1,400,000  cubic  yards  of  material  at  a  cost  of 
about  5  cents  a  yard.  The  Mississippi  Navigation  Commission 
following  the  example  of  IMr.  Randolph  has  since  employed  the 
hydraulic  dredge  and  this  is  making  the  navigation  of  the  Mis- 
sissippi possible.  The  dredge  as  used  on  the  Mississippi  cost 
$150,000  and  1,500  yards  an  hour  can  be  removed  with  it.  The 
cableway,  an  invention  which  was  conceived  on  this  Chicago's 
work,  is  another  mechanical  aid  that  has  helped  the  wor  kof 
excavation  in  engineering.  The  aerial  dump  has  done  mar\''els 
since    its    invention.       Such    appliances    and    the    channelling 


THE   ENGINEERS'  CLUB  OF  TORONTO.  107 

machine,  which  on  the  Chicago  work  cut  a  gash  of  f^  inch  and 
did  100  superficial  feet  a  day,  have  made  the  work  of  excavation 
less  tedious,  and  in  some  cases,  at  all  possible. 

In  the  Panama  they  are  far  exceeding  now  work  done  on  the 
Chicago  canal.  This  year  they  have  excavated  135  million  cubic 
yards.  They  excavated  only  66  million  last  year  and  only  37 
million  cubic  yards  the  year  before  last,  so  a  tremendous  progress 
is  shown  in  the  speed  of  excavating.  Bridge  work  over  the 
Chicago  River  has  been  very  extensive.  Eleven  of  the  rolling- 
lift  type  have  been  built  across  the  Chicaga  and  more  will  be 
built.  The  principle  of  this  very  efficient  bridge  is  that  as  the 
channel  span  opens  the  approach  span  drops.  This  type  has 
been  found  very  satisfactor3^ 

Mr.  Randolph's  lecture  was  listened  to  with  great  interest 
by  student  and  instructor  alike,  and  a  hearty  vote  of  thanks 
extended  him  bv  the  Societv. 


THE  ENGINEERS'  CLUB  OF  TORONTO. 

C.  R.  Young.  B.A.Sc. 

For  some  3'ears  past  various  unsuccessful  efforts  have  been 
made  to  establish  in  Toronto  a  club  oft'ering  to  engineers,  archi- 
tects, surveyors,  chemists,  and  others  engaged  in  applied  science 
pursuits,  all  the  privileges  of  the  usual  social  club  with  technical 
advantages  as  well.  It  has  been  the  dream  of  almost  every 
member  of  the  original  Engineers'  Club,  incorporated  under  the 
Benevolent  Societies'  Act  in  1902,  that  sometime  and  somehow 
the  Club  should  expand- into  an  institution  occupying  and  pos- 
sibly owning  a  club  house  of  its  own,  of  sufficient  capacity  to 
accommodate  within  its  walls  the  various  technical  organiza- 
tions existing  and  holding  meetings  in  Toronto.  In  spite  of  the 
many  sincere  and  earnest  attempts  to  bring  about  this  extension, 
the  monetary  difficulties  in  the  way  proved  too  much  for  those 
who  first  interested  themselves  in  the  commendable  undertaking. 

Finally,  in  the  early  part  of  the  year  1910,  a  movement  was 
set  on  foot  aiming  at  the  establishment  of  a  "Social  CIul)  for 
Technically  Trained  Men."  The  final  name  was  left  to  be  chosen 
later. 

It  was  recognized  that  with  a  membership  drawn  from  en- 
gineers and  surveyors  alone  who,  up  to  that  time  had  composed 
the  Engineers'  Club,  it  would  be  impossible  to  maintain  an 
advanced  Engineers'  Club,  and  that  the  co-operation  of  archi- 
tects, industrial  and  assaying  chemists  and  all  technically  trained 
men  working  along  applied  science  lines,  as  well  as  business  men 
of  allied  pursuits,  must  be  secured. 

It  was  the  intention  of  the  promoters  from  the  first  that 
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should  the  rc(juired  su])port  be  pledged,  at  the  proper  time  the 
existing  Engineers'  Club  should  be  approached,  and  the  two 
bodies  united  under  a  common  name,  and  on  a  basis  equitable 
to  all,  and  with  the  strictest  justice  to  each  and  every  member 
of  the  original  club. 

In  its  early  stages  the  proposition  met  with  much  success, 
and  in  the  course  of  some  four  months  the  names  of  360  men, 
including  members  of  the  existing  Engineers'  Club  were  secured, 
who  agreed  to  join  the  new  organization.  At  this  stage,  how- 
ever, an  insurmountable  difficulty  developed — that  of  securing  a 
charter  suitable  for  such  a  Club.  Finally  after  much  considera- 
tion, the  organization  committee  of  the  "Social  Club  for  Techni- 
cally Trained"  men  informed  the  Engineers'  Club  that  a  charter 
carrying  with  it  the  usual  club  privileges  would  be  more  likely 
granted  were  it  sought,  not  b}^  the  Social  Club,  but  b)^  the  ex- 
isting Engineers'  Club,  and  with  this  the  former  organization 
ceased  activity. 

Accordingly,  at  a  regularly-called  meeting  on  August  5th., 
the  Engineers'  Club  of  Toronto  appointed  seven  members  to 
appl}-  for  a  charter  under  the  Ontario  Companies'  Act.  and  to 
follow  out,  if  possible,  the  procedure  essential  to  the  establish- 
ment of  a  Club  on  the  proper  basis.  It  was  tacitly  agreed  that 
the  routine  of  the  Club's  business  should  in  the  meantime,  be 
discharged  by    the  old  Executive  Committee. 

The  desired  charter  was  granted,  after  much  unavoidable 
postponement,  on  September  27th..  and  the  following  seven 
members  were  named  therein  as  provisional  directors :  A.  B. 
Barry,  C.  M.  Cannifif.  Willis  Chipman,  John  Galbraith,  J.  G.  Sing, 
J.  B.  Tyrrell,  and  A.  J.  Van  Nostrand.  On  November  15th.  the 
provisional  directors  enacted,  under  seal,  after  careful  considera- 
tion and  many  amendments,  a  code  of  new  bylaws  suitable  for 
the  prospective  wider  life  and  extended  membership  of  the  Club, 
basing  them  upon  the  draft  of  the  "Social  Club  for  Technically 
Trained  Men."  These  By-laws  were  finally  adopted,  without 
further  alteration  at  a  duly  called  meeting  of  the  Club  on  Decem- 
ber 1st.,  and  the  re-organized  Club  at  last  began  its  existence. 

At  this  meeting  the  directorate  was  increased  from  seven  to 
fifteen,  the  additional  eight  directors  being  drawn  from  the  mem- 
bership of  the  original  Engineer's  Club  for  obvious  reasons.  The 
full  list  thus  became  as  follows:  R.  A.  Baldwin.  S.  P.  Biggs,  W. 
A.  Bucke.  C.  M.  CannifT.  Willis  Chipman,  lohn  GalbraithVw.  A. 
Hare,  C.  H.  Heys.  E.  A.  James,  J.  G.  Sing,  C.  B.  Smith,  L.  J 
Street,  J.  B.  Tyrrell.  A.  J.  Van  Nostrand,  and  C.  R.  Young. 
These  directors  hold  office  till  February  2nd.  191 1.  when  the 
first  regular  annual  election  will  take  place,  and  when  it  will  be 
possible  to  secure  full  representation  on  the  Board,  of  all  the 
interests  concerned. 

The  provisions  of  the  By-laws  respecting  membership  will. 
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no  doubt,  be  of  interest.  It  is  stipulated  that  the  Club  shall  be 
composed  of  engineers,  architects,  surveyors,  industrial  chemists, 
and  others,  who  may  be  connected  with  or  interested  in  engin- 
eering or  allied  pursuits.  The  membership  of  the  Club  is  limited 
to  800,  composed  of  500  resident,  200  non-resident,  25  life,  and  75 
associate  members.  Ordinary  resident  members  pay  an  entrance 
fee  of  $50,  and  an  annual  fee  of  $30,  while  for  non-resident  mem- 
bers the  corresponding  fees  are  $25  and  $20.  The  annual  fee  is 
reduced  in  the  two  cases  to  $25  and  $15  respectively  for  prompt 
payment.     Each  member  must  be  at  least  25  years  of  age. 

The  members  of  the  original  Engineer's  Club  are  given 
preferential  treatment  to  the  extent  of  the  remission  of  the  ent- 
rance fee,  since  assets  of  considerable  value  were  automatically 
transferred  to-  the  re-organized  Club,  on  its  incorporation  under 
the  Ontario  Companies'  Act.  Those  members  of  the  old  Club 
who,  for  any  reason,  do  not  wish  to  take  full  advantage  of  the 
extended  privileges  offered  by  the  new  Club,  are,  on  payment  of 
an  annual  fee  of  $5.  entitled  to  the  use  of  the  Library,  reading 
room,  and  lecture  hall.  The  improvements  which  will  be  efifected 
in  these  privileges  will  considerably  enhance  the  benefits  enjoyed 
b}^  the  members  of  the  old  Club. 

Very  soon  after  the  adoption  of  the  By-laws  by  the  mem- 
bers of  the  Club,  a  Directors'  meeting  was  held  at  which  officers 
and  members  of  standing  committees  were  elected  and  other  im- 
portant business  was  transacted.  The  officers  elected  to  hold 
office  till  February  2nd,  191 1,  were:  President,  C.  M.  CannifT; 
First  Vice-President,  Willis  Chipman ;  Second  Vice-President, 
A.  J.  Van  Nostrand;  Treasurer,  L.  J.  Street.  R.  B.  Wolsey  was 
appointed  permanent  secretary  of  the  club. 

It  was  also  decided  to  engage  under  a  lease  renewable  on 
the  present  terms,  for  a  period  not  exceeding  two  years  the 
rooms  on  the  second  and  third  floors  of  90-98  King  Street  West, 
including  the  rooms  occupied  in  the  past  by  the  old  Engineer's 
Club  and  the  Ontario  Association  of  Architects.  These  rooms 
are  now  being  decorated  and  furnished  in  a  manner  suitable  for 
the  requirements  of  the  new  Club. 

The  advantage  offered  by  the  re-organized  Engineer's  Club 
cannot  fail  to  prove  highly  attractive  to  technically  trained  men. 
With  a  down-town  social'  club  there  will  be  an  opportunity  for 
engineers,  architects,  surveyors,  chemists,  and  those  whose  pur- 
suits bring  them  into  contact  with  technically  trained  men.  to 
meet  and  become  better  acquainted.  Here  members  will  be  in 
a  position  to  suitably  entertain  their  business  friends  and  clients 
at  luncheon,  diner,  or  otherwise  ;  and  out-of-town  members  may 
meet  their  city  associates  and  clients  and  transact  their  business. 
To  this  end,  it  is  proposed  to  provide,  in  conformity  with  a  suit- 
able standard  of  comfort  and  elegance,  a  Grill  Room.  Smoking 
Room,   Sitting   Rooms.   Billiard  and   Card   Rooms,   and   Private 
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Conference  Rooms.  A  further  extension  of  privileges  will  be 
afforded  by  afifiliating  with  engineering  clubs  of  other  cities,  and 
in  return  for  the  hospitality  extended  to  Toronto  engineers, 
visiting  members  of  the  engineering  and  allied  professions  will 
be  entertained  here  in  a  befitting  manner.  Dormitories  are  being 
provided  to  accommodate  such  visitors  as  may  wish  to  lodge  in 
the  club  house  during  their  stay  in  the  cit3^ 

While  the  social  privileges  of  the  new  club  have  been  first 
mentioned,  the  technical  side  of  its  activity  will  by  no  means  be 
neglected.  A  reading  room,  properly  isolated  in  a  quiet  part  of 
the  building  will  be  amply  furnished  with  technical  and  other 
journals  and  magazines,  and  a  first-class  technical  library-  will 
be  gradually  built  up.  In  this  work  the  various  technical 
societies,  meeting  in  Toronto,  will  co-operate  with  a  view  to 
economizing  resources  and  avoiding  duplication.  The  lecture 
room  will  be  used  by  these  organizations  for  their  meetings,  and 
the  Engineer's  Club  itself  will  provide  a  technical  programme 
during  the  winter  months.  Papers  read  at  its  meetings  will 
probably  be  printed  later  in  the  form  of  proceedings. 

A  proposal  which  will,  no  doubt,  be  carried  into  effect,  and 
which  will  enhance  the  usefulness  of  the  club,  is  the  establish- 
ment of  a  bureau  of  information  concerning  technical  work  to  be 
done,  and  men  fitted  by  training  to  do  such  work. 

A  club  affording  privileges  of  this  character,  and  free  from 
politics  or  other  clique-form.ing  influences  will  undoubtedly 
appeal  to  all  those  whose  pursuits  qualify  them  for  membership. 
When  it  is  remembered  that  practicalh^  all  the  benefits  offered 
by  the  regular  social  clubs  are  provided  in  the  Engineer's  Club 
of  Toronto,  on  a  reasonably  comfortable  and  elegant  scale,  and 
at  a  fee  much  less  than  is  ordinarily  required  by  such  clubs,  it  is 
apparent  that  the  limit  of  membership  is  likely  to  be  reached  very 
soon  after  the  re-organized  club  opens  its  doors. 
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THE  TEMISKAMING  S.P.S.  DINNER. 

The  rapid  advance  of  mining  interests  in  Northern  Ontario, 
and  the  equal  rapidity  with  which  many  of  our  graduates  realized 
the  value  of  the  same,  were  spoken  and  unspoken  lines  of  thought 
at  a  gathering  held  by  them  on  December  20th.,  the  event  of 
the  First  Annual  Temiskaming  S.P.S.  dinner.  Although  the 
number  present  did  not  include  all  graduates  who  resided  in  the 
district,  the  dinner  was  well  attended,  a  huge  success,  and 
thoroughly  enjoyed. 

The  toast  to  "The  King"  was  proposed  by  Mr.  Robert  Bryce. 
In  proposing  the  toast  to  "The  Faculty  and  Engineering  Profes- 
sions," Mr.  C.  H.  Fullerton  drew  attention  to  the  increasing 
importance  of  the  industry  of  mining,  and  expressed  it  as  the 
unanimous  opinion  of  graduates  in  the  Temiskaming  district 
that,  in  view  of  the  fact  that  there  is  at  present  only  one  professor 
and  no  lecturers  in  the  Department  of  Mining  of  the  University, 
something  should  be  done  towards  increasing  the  stafif  of  this 
Department.  He  reinforced  his  remarks  by  stating  that  this 
year  the  class  in  fourth  year  Mining,  numbers  nineteen,  and  by 
comparing  it  with  the  same  class  three  years  ago,  consisting  as 
it  did  of  two  members.  The  toast  was  fittingly  responded  to  by 
Mr.  A.  D.  Campbell,  president  of  the  Engineering  Society. 

Mr.  H.  T.  Routley  proposed  the  toast  to  "Our  Guests."  In 
replying.  Dean  Galbraith  congratulated  the  graduates  on  their 
achievements  in  the  north  country  and  thanked  them  for  the 
reception  accorded  him,  and  the  extreme  pleasure  he  experienced 
as  their  guest.  He  related  some  interesting  reminiscences  of  a 
trip  into  the  Temiskaming  country  some  six  years  ago,  before 
mining  in  Cobalt  had  come  into  existence. 

"Sister  Institutions,"  proposed  by  Mr.  E.  V.  Neelands,  was 
responded  to  by  Mr.  W.  S.  Dobbs,  representing  Queen's  Unievr- 
sity.  Mr.  A.  A.  Cole,  who  was  to  have  represented  McGill,  was 
unable  to  be  present.  Messrs.  Thorne,  Jupp,  and  Sutclifife  were 
called  upon  to  respond  to  "Our  Wives  and  Sweethearts"  pro- 
posed by  I\Ir.  B.  Neilly. 

The  dinner  was  such  a  splendid  success  that  its  annual 
recurrence  will  undoubtedly  be  looked  forward  to  with  interest. 

In  addition  to  the  banquet,  the  visit  of  Dr.  Galbraith  com- 
prised a  trip  underground  at  the  O'Brien  and  Crown  Reserve 
mines,  and  through  the  concentrating  mills  at  the  O'Brien, 
Silver  Clifif  and  Nova  Scotia  properties. 

It  might  be  well  to  cite  a  few  figures  from  an  agricultural 
pamphlet,  published  a  few  months  ago  by  the  Ontario  Legisla- 
tive Assembly,  regarding  the  rapid  growth  of  the  Temiskaming 
District. 

"So  recently  as  six  years  ago  there  were  but  2,000  people  in 
Temiskaming,  while  now  there  are  between  50,000  and  60.000. 

Englehart,  a  divisional  point  of  the  T.  and  N.  O.  Railway,  is 
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23  miles  north  of  Xcw  Liskcard  ;  only  four  years  old,  it  has  a 
population  of  about  800,  and  is  a  promising  agricultural  centre. 
Westward,  at  the  terminus  of  the  branch  line  of  the  T.  and  N.  O. 
from  Englehart,  is  Charlton,  a  thriving  village  at  the  foot  of 
Long  Lake. 

New  Liskeard,  on  the  T.  and  X.  O.,  at  the  head  of  Lake 
Temiskaming,  is  113  miles  north  of  North  Bay,  and  340  miles 
north  of  Toronto ;  its  population  is  3,000,  it  has  several  impor- 
tant industries,  and  is  in  the  midst  of  a  large,  well-settled  agri- 
cultural district. 

Haileybury,  five  miles  to  the  south,  is  an  attractive  residen- 
tial town,  with  a  population  of  4,000. 

Cobalt,  four  or  five  miles  farther  south,  has  world-wide  fame 
for  its  deposits  of  silver,  being  one  of  the  most  important  mineral 
deposits  discovered  in  the  last  forty  years.  Population,  5,500. 
Farther  south  is  the  growing  town  of  Latchford." 

It  is  also  interesting  to  note  that  practically  four-fifths  of 
the  land  surveying  in  Temiskaming  District  is  done  by  "School" 
men.  The  firm  of  Routley,  Summers,  and  Alalcolmson  have 
surveyed  over  700  mining  claims  during  the  past  two  years. 
Sutcliffe  and  Neelands,  besides  doing  a  large  land  survey  prac- 
tice, are  municipal  engineers  of  Cobalt.  Xew  Liskeard  and  Coch- 
rane. 

In  another  department  is  given  a  list  of  graduates  in  this 
section  of  Northern  Ontario. 
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METHODS  OF  SECURING  MAXIMUM  EFFICIENCY  IN 
MANUFACTURING  AND  CONSTRUCTION. 

By  AA'ilHam  ^I.  Towle,  B.S.* 

Much  is  being  said  and  written  about  conservation  of  natural 
resources.  It  is  time  that  the  American  people  paid  more  atten  ■ 
tion  to  the  preservation  of  their  heritage.  With  the  great  extent 
of  territory  and  wealth  of  natural  resources  a  tendency  to  run 
over  and  pick  out  the  best  and  leave  the  rest  to  destruction  and 
waste  has  been  developed.  In  the  manufacturing  industries  with 
the  abundant  supply  of  raw  material  and  good  home  markets 
this  same  tendency  is  shown.  Xow  when  protection  is  lowered 
and  the  markets  of  the  world  are  attracting  attention  it  is  neces- 
sary to  consider  the  costs  of  manufacturing  in  all  the  details. 

The  cost  of  the  manufactured  product  is  made  up  of  the 
cost  of  the  raw  material,  labor,  supervision,  interest,  and  depre- 
ciation of  plant,  and  expense  of  operating.  In  the  ultimate 
analysis  of  the  cost  it  will  be  found  that  labor  represents  nearly 
the  whole  amount,  for  the  raw  material  before  any  labor  is  put 
upon  it  is  but  a  small  fraction  of  the  whole  cost  of  the  article. 
Therefore,  to  reduce  the  cost  of  the  finished  product  it  is  neces- 
sary to  increase  the  efficiency  of  labor  as  no  one  wishes  to 
reduce  the  wages  of  the  laborer.  ^lany  schemes  have  been 
thought  out  and  tried  to  accomplish  this  desired  result.  The 
most  effort  has  been  put  on  the  wage  side  of  the  problem.  As 
a  general  thing  these  schemes  have  been  successful  only  when 
carried  out  bv  their  originators  or  by  some  one  in  full  s\-mpathy 
with  the  plan. 

The  principal  plans  for  rewarding  labor  are  the  day's-work, 
piece-work,  premium  or  bonus,  and  profit  sharing.  The  day's- 
work  plan  by  which  the'  laborer  is  paid  a  stipulated  sum  for 
the  hour,  day.  or  week,  is  the  plan  liked  best  by  the  workmen, 
for  as  a  general  thing  they  are  willing  to  give  a  fair  day's  work 
for  a  fair  day's  pay.  They  look  upon  all  other  plans  as  methods 
to  get  more  Work  out  of  them  for  the  same  money.  While  this 
is  tVue  to  a  certain  extent,  the  other  ])lans  are  mutually  benefi- 
cial. The  workman  who  is  ambitious  and  willing  to  work  harder 
gets  more  wages,  and  the  manufacturer  gets  more  work  done 
with  the  same  i)lant,  thereby  increasing  the  profits  on  the  capital 
invested. 

The  profit-sharing  plan,  the  most  beautiful  in  theory  is 
perhaps  the  poorest  in  practice.  There  are  drawbacks  in  making 
a  stockholder  of  an  employee.  While  he  is  doing  a  good  day's 
work  the  other  workmen  will  criticise  him  as  trying  to  "set 
a  pace"'  and  during  a  strike  he  loses  influence  with   the  other 
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workmen.  The  average  workman  is  ready  enough  to  share  in 
the  profits,  but  not  to  share  in  the  risks  of  industrial  or  com- 
mercial enterprises.  The  workmen  have  exaggerated  ideas  of 
the  profits,  and  not  having  access  to  the  books  are  apt  to  think 
that  they  are  not  getting  their  full  share. 

Some  manufacturers  share  their  profits  by  making  an  out- 
and-out  gift  once  a  year  to  all  of  their  employees  who  do  not 
in  any  other  way  share  in  the  profits.  Generally  these  gifts  are 
from  5  to  io%  of  their  annual  earnings.  Another  form  of  profit- 
sharing  is  a  pension,  and  a  sick  relief  plan  for  the  benefit  of 
the  workmen  and  their  families.  This  is  eminently  proper,  for 
each  industry  should  bear  its  own  burden  caused  by  accident, 
sickness,  disability,  and  old  age. 

Most  employers  do  not  know  what  the  men  and  machines 
are  capable  of  doing.  If  working  on  the  day's-work  plan  the 
men  are  liable  to  set  an  easy  pace  and  the  production  be  far 
below  the  amount  possible.  If  a  piece-work  system  is  installed 
the  workman  is  left  to  devise  ways  of  increasing  the  output. 
When  the  earnings  become  large  the  price  is  cut  and  the  usual 
dissatisfaction  and  trouble  ensue. 

The  greatest  gain  in  securing  the  maximum  efficiency  in 
manufacturing  can  be  obtained  by  conserving  the  energy  of 
the  workmen.  This  can  be  done  by  investigating  and  study- 
ing all  the  operations  performed  by  the  workman,  in  designing 
and  arranging  the  tools,  machines,  and  appliances ;  and  in  plan- 
ning the  method  of  doing  the  work  that  the  workman  may 
produce  the  greatest  amount  of  output  with  the  least  expenditure 
of  efifort.  This  can  be  secured  only  by  the  hearty  co-operation 
of  the  employer  in  providing  the  best  of  everything  wherewith 
to  do  the  work,  and  by  the  workman  in  using  such  to  the  best 
advantage. 

Much  has  been  done  by  several  engineers  who  have  made 
a  systematic  and  analytical  study  of  each  and  every  motion  and 
operation  required  to  produce  a  given  result,  and  who  have 
devised  means  and  methods  to  produce  the  best  and  quickest 
results  at  the  least  cost.  In  Mr.  F.  W.  Taylors  paper.  "The 
Art  of  Cutting  Metals,"  before  the  American  Society  of  Mechan- 
ical Engineers,  the  topics  such  as  developing  a  high-speed  steel, 
determining  the  proper  shape  of  the  cutting  tools,  and  deciding 
about  speeds,  feeds,  etc..  were  but  incidentals  to  the  study  and 
development  of  the  larger  problem.  Mr.  Taylor's  method  in- 
volved a  study  of  the  various  o]>erations  of  a  job  and  in  timing 
these  operations ;  then  in  changing  the  conditions  in  accordance 
wMth  his  time  studies,  until  the  minimum  time  in  which  the  best 
worker  could  j^erform  them  was  determined  ;  and  finally  in  com- 
pelling all  the  workers  to  conform  to  the  methods  of  the  most 
skilful  operator,  and  to  equal  his  time,  by  means  of  bonuses 
and  penalties. 
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Every  operation,  for  instance,  is  made  up  of  a  series  of 
motions  on  the  part  of  the  worker.  A  careful  stud}-  of  these 
motions  will  eliminate  all  the  useless  movements  of  both  man 
and  material.  This  will  give  a  set  of  standard  operations  to 
be  followed  thereafter. 

It  is  thus  seen  to  be  a  large  problem  to  secure  maximum 
efficiency  in  manufacturing.  It  involves  providing  the  proper 
tools,  appliances,  and  surroundings,  and  what  may  be  considered 
the  most  important  of  all,  namely,  the  employment  of  workmen 
of  the  proper  physical  and  mental  constitution  to  carry  out  to 
the  letter  the  instruction  given  them  for  making  the  standard 
motions. 

The  average  employer  thinks  that  this  is  too  large  a  problem 
to  be  studied  seriously.  He  thinks  it  impracticable  of  execution. 
In  this,  however,  he  is  very  much  mistaken.  A  series  of  articles 
by  Mr.  Frank  B.  Gilbreth,  in  "Industrial  Engineering,"  shows 
how  the  adaptation  of  the  standard  motions  to  the  trade  of 
bricklaying  has  increased  the  efficiency  of  the  men  so  that  they 
can  lay  many  more  brick  per  hour  and  earn  much  more  money 
per  day,  and  to  such  an  extent  that  for  men  working  under  the 
old  methods  there  is  hardly  any  comparison  possible. 

Mr.  Taylor  has  worked  out  his  system  in  some  of  the  largest 
and  most  successful  shops  in  the  country.  ]\Ir.  Gilbreth  is  like- 
wise successful  as  a  contractor,  and  his  men  all  work  according 
to  the  standard  motions  developed  by  him.  The  methods  of  both 
of  these  men  have  therefore  Avithstood  the  test  of  commercial 
use. 

Thus  we  see  that  to  enable  the  manufacturer  to  turn  out 
more  and  better  products,  at  less  cost,  more  attention  must  be 
paid  to  production  engineering.  New  methods,  tools,  and  facil- 
ities are  expensive,  and  will  be  profitable  only  when  the  produc- 
tion is  large.  The  overhead  and  distributing  expenses  of  any 
manufacturing  establishment  are  great ;  therefore,  there  must  be 
a  large  output  to  share  this  burden  in  order  to  keep  the  cost 
per  unit  small.  This  has  a  tendency  to  work  along  the  line  of 
division  of  labor.  The  manufacturer  becomes  a  specialist  in 
a  few  things  instead  of  producing  a  large  line  of  goods. 

It  is  this  tendency  towards  specialization  which  has  caused 
so  many  companies  manufacturing  similar  products  to  unite 
their  forces.  Each  factory  confines  itself  to  a  few  lines  of  work 
for  which  it  is  best  fitted.  This  method  eliminates  ruinous 
competition  in  distribution,  reduces  the  overhead  and  operating 
expenses,  increases  the  efficiency  of  each  plant,  lessens  the  cost 
of  production,  and  secures  maximum  efficiency  in  manufacturing 
and  con  truction. 


WHAT   OUR    GRADUATES    ARE    DOING 

J.  H.  Caster.  '07.  is  in  the  Production  Dept.,  Canadian  Gen- 
eral Electric  Co.,  Peterboro. 

Walter  Jackson,  '07,  is  with  the  Ontario  Power  Co.,  Niagara 
Falls,  as  field  engineer  on  construction  and  extension  of  works. 

S.  B.  Her,  '08,  is  with  the  Seymour  Po\\^er  and  Electric 
Co.,  Belleville.  Ont. 

A.  D.  Dahl.  '08,  is  chemist  with  the  Don  Chemical  Co., 
Midland,  Michigan. 

P.  H.  Buchan,  '08,  is  in  the  Maintenance  of  Way  Depart- 
ment, B.  C.  Electric  Ry.  Co.,  Ltd.,  Vancouver. 

H.  F.  Shearer,  '08,  is  testing  engineer  in  the  power  a|)paratus 
Dept..  Bullock  Electric  Mfg..  Co.,  Norwood,  Ohio. 

X.  G.  Madge,  '08.  is  chief  chemist  with  the  Continental 
Rubber  Co.,  of  New  York. 

F.  C.  Lewis,  '08.  is  designing  and  estimating  in  the  Rail- 
road Bridges  Dept.,  of  the  American  liridge  Co.,  Chicago. 

C.  B.  Langmuir,  "09,  is  sales  engineer  for  Factory  Products, 
Limited.  Toronto. 

Stan.  Stroud,  '09,  is  with  the  ^^^estinghouse  Elect,  and  ^If.g. 
Co..  Pittsburg. 

C.  G.  Titus.  '10,  is  manager  of  the  Bartlett  Mines,  Gow- 
ganda. 

R.  J.  Spry.  '10.  is  metallurgist  for  the  B.  C.  Copper  Co., 
Greenwood,  B.  C. 

H.  C.  Bingham,  '10,  is  assistant  engineer  in  City  Engineer's 
Dept.,  Moose  Jaw,  Sask. 

L.  J.  Ireland,  '07,  is  su]:)erintendent  <>f  ^Midland  Cmistruction 
Co.,  Ltd.,  in  charge  of  the  Seymour  Power  and  Electric  Go's 
construction  work. 

G.  G.  Bell,  '05.  is  with  Sawyer  and  Xuulton,  of  Portland, 
Me.,  as  designer  in  power  plants,  pulp  mills  and  general  engin- 
eering projects. 

C.  J.  Harper,  '09,  is  in  the  employ  of  the  General  Electric 
Co.,  in  I'ittsfield,  Mass. 

E.  A.  Thompson,  '09,  is  in  the  electrical  department  of  the 
office  of  Smith.  Kerry  and  Chace,  Toronto. 

L.  H.  Robinson.  '04.  is  resident  engineer  for  the  Transcon- 
tinental   Railway   at   Superior  Junction,   Ontario. 

W.  A.  Begg,  '05,  has  been  connected  with  the  Department 
of  Public  A\'orks,  Saskatchewan,  on  drainage  surveys  and  road 
divisions. 

E.  E.  Mullins,  '03,  has  for  some  time  past  been  mechanic- 
el  engineer  for  the  LInited  Fruit  Co..  operating  in  Central 
America  and  the  West  Indies.  The  company  owns  and  oper- 
ates some  2.000  miles  of  railroad  (about  600  miles  of  which 
are  in  Costa  Rica),  and  90  steamships.  Mr.  ^Mullins  has  the 
supervision  of  repairs  and  improvements  of  the  mechanical 
equipment  of  the  railway  and  steamship  lines. 
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EDITORIAL 

Almost  daily  the  press  relates  the  death  by  accident  of  one 
after  another,  who  has  overreached  his  equilibrium  in  the  atmos- 
phere and  has  l^ecome  a  victim   through  "the 
Aviation's  Pro-    feel  of  the  air." 

gress  is   Costly.  "Suddenlv  the  machine  struggled  from  his 

control,  skidded,  and  cast  itself  downward  to 
a  heap  of  ruins." 

Such  passages  meet  our  reading  gaze  so  frecpiently,  now-a- 
days  that  we  wonder  if  the  glory  of  achievement  is  really 
worth  the  sacrifice.  Disaster  seems  to  befall  expert  and  begin- 
ner alike.  In  the  majority  of  cases  the  cause  will  never  be 
known.  An  imperfection  in  the  mechanism,  a  fatal  vagary  of 
the  upper  air  currents,  or  of  the  cast-iron  will  power  of  the 
operator,  due  to  nervous  tension,  any  or  none  of  these  may  result 
in  an  added  fatality  to  the  already  lengthy  list. 

Although  the' days  of  knight-erranty  are  a  part  of  history. 
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reflected  but  seldom,  one  might  easily  form  a  mental  comparison 
of  the  jousts  and  tournaments  of  old  with  to-day's  passion  to 
excell  in  the  aviation  world. 

In  the  time  of  automobile  infancy  there  were  also  fatalities, 
due  to  the  same  degrees  of  ignorance,  impractibility  and  each  of 
caution  that  summarize  the  present  dangers  of  mechanical  flight. 
But  these  were  suppressed  by  strict  enforcement  of  judicious 
rules  and  specifications — the  result  was  a  speed  transition  of 
the  automobile  from  the  sportsman's  experiment  to  an  important 
accessory  to  the  business  world.  It  is  safe  to  say  that  its  rapid 
advance  was  partly  due  to  the  tinieh'  laws  which  governed  its 
manipulations. 

There  are  few  of  us  who  do  not  see  in  the  aeroplane,  even 
a  greater  aid  than  in  the  automobile.  Aerodynamics  has  long 
been  a  subject  for  deep  study  and  experiment.  Men  have  seri- 
ously attempted  to  build  flying  machines  since  the  beginning  of 
the  sixteenth  century,  and  altho  the  present  revival  of  interest 
in  aeronautics  has  witnessed  the  accomplishment  of  a  very  great 
deal,  mechanical  flight  may  be  held  in  abeyance,  unless  steps  are 
taken  to  lessen  the  likelihood  of  loss  of  life  and  limb.  In  this 
regard  Glenn  II.  Curtiss,  one  of  the  world's  foremost  aviators, 
w^'ites : 

"All  eft'orts  to  improve  and  develon  aviation  will  be  futile, 
unless  immediate  steps  are  taken  to  guide  and  direct  this  devel- 
opment. The  goxernment,  assisted  by  aero  clubs,  and  aviators 
of  experience,  should  take  the  matter  in  hand  and  guard  against 
recklessness,  which  not  only  involves  the  lives  of  the  aviators 
but  also  endangers  the  lives  of  spectators.  Rules  and  regulations 
will  not  accomplish  this  purpose.  The  air  is  a  great  highAvay 
that  has  just  been  opened  to  the  public.  It  must  be  regulated 
as  are  other  great  highw^ays." 

Although  aeroplanes  have  been  a  marketable  product  for 
about  a  year,  it  is  a  question  whether  the  industry  a  decade 
hence  will  in  any  way  com])are  with  the  automobile  business  to- 
day unless  the  great  degree  of  hazard  is  soon  eliminated. 

Among  our  graduates    F.   AV.    Baldwin.   '06.   and  J.   A.   D. 
McCurdy,  '07.  have  met  w  ith  good  measure  of  success  in  aero- 
plane manii)ulation.     Both  are  members  of  the 
S.P.S.  men  as       "American     Aerial     Experiment     Association" 
Aviators.  organized  by  Dr.  Alexander  Graham  Bell,  and 

of  which  Lieut.  Selfridge,  who  met  death  in  an 
aeroplane  accident  with  Orville  Wright,  in  1909.  was  secretary. 
Last  Autumn.  Mr.  McCurdy  arrested  the  attention  of  the 
scientific  world  when,  while  operating  his  machine  at  an  aviation 
meet  at  Sheepshead  Bay,  he  successfully  transmitted  the  first 
wireless  despatch  from  an  aeroplane.     His  message  read  thus: 


1 
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"Another  chapter  in  aerial  achievement  is  recorded  in  the  sending 
of  a  wireless  message  from  an  aeroplane  in  flight." 

Although  his  investigations  have  not  resulted  in  an}-  world 
beating  aerial  flights,  ^Ir.  C.  H.  ]\Iitchell  has  devoted  much 
thoughtful  study  to  the  science  of  flight,  and  has  kept  closely  in 
touch  with  the  progress  that  has  been  made  to  date.  Mr. 
Mitchell  will  present  a  paper  on  this  subject  to  the  Engineering 
Society,  at  a  general  meeting  in  the  near  future.  Undoubtedly 
the  lecture  will  be  one  of  the  most  interesting  of  the  year,  and 
those  with  whom  the  idea  of  mechanical  flight  is  popular,  are 
invited  to  be  present. 


CLASS  '05  DINNER. 


A  Re-Union  dinner  of  the  Post-Graduate  Class  of  1905 
and  the  Graduating  Class  of  1904  of  the  Faculty  of  Applied 
Science  and  Engineering  was  held  on  Wednesday,  December 
28th,  1910,  at  the  St.  Charles  Hotel,  Toronto.  Twenty-six  of 
the  ninety  original  members  of  the  two  classes  were  present. 
Dean  Galbraith  was  the  guest  of  honor  and  in  reply  to  the 
toast  to  "The  Universit}-  and  the  Old  School"  spoke  reminis- 
cently  of  the  foundation  of  the  School  of  Practical  Science  and 
of  his  connection  with  it  in  the  early  days.  Mr.  Kenneth  Rose, 
'88,  having  heard  of  the  dinner  in  Cobalt,  dropped  in  unexpec- 
tedly and  was  accorded  a  hearty  reception.  Messrs.  C.  E.  Bush 
and  J.  H.  Craig  of  the  "Science  Octette"  contributed  music  for 
the  occasion.  During  the  evening  it  was  decided  to  hold  another 
re-union  in  five  years  and  the  following  list  of  new  officers  was 
elected  to  carry  out  this  project:  President,  E.  A.  James;  Vice- 
President,  W.  F.  Wright;  Secretary-Treasurer,  W.  W.  Gray; 
Councillors,  A.  M.  Campbell,  A.  Gray,  R.  S.  Smart,  B.  B.  Tucker. 
The  chair  was  occupied  by  the  retiring  President,  Mr.  C.  R. 
Young. 


At  a  joint  meeting  of  the  Engineers'  Society  of  Nova  Scotia, 
and  the  Nova  Scotia  Institute  of  Science,  in  December,  Mr.  A. 
V.  White,  a  graduate  of  '92,  spoke  to  some  length  on  the  early 
history  of  Astronomy,  including  an  investigation  of  the  proofs 
usually  given  in  support  of  the  fundamental  tenets  of  the 
copernican  system.  The  discussion  proved  a  valuable  one  to 
those  who  were  fortunate  in  being  present,  and  showed  Mr. 
White's  thorough  familiaritv  with  the  history  and  theory  of  the 
subject.  Mr.  AVhite  has  recently  been  making  some  engineering 
investigations  in  that  province  for  the  Conservation  Commission 
of  Canada. 
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The   preparations  for   the   twenty-second  annual   dinner  of 
the  Engineering-  Society  are  well  under  way  and  indicate  another 
addition    to    the    list    of    successes    of    similar 
The  functions  of  the  Society. 

Annual  Last   year   the    dinner   was   the   most   suc- 

Dinner  cessful  ever  held,  and  it  is  the  aim  of  the  pres- 

ent management  to  surpass  it.  as  well  as  its 
many  predecessors. 

The  twenty-first  annual  dinner  was  an  important  event, 
owing  to  the  fact  that  approximately  one  hundred  and  fifty 
members  of  the  Canadian  Manufacturers'  Association  were  in 
attendance  as  guests,  and  departed  with  a  much  enlightened 
idea  of  the  prominence  of  this  Faculty  of  the  University  and 
its  importance  to  them. 

The  tw^entieth  annual  dinner  of  the  Society  was  almost 
equally  important.  On  this  occasion  the  guest  list  comprised 
a  large  number  of  members  of  the  Canadian  Society  of  Civil 
Engineers.  To  them  the  excellent  development  of  the  Faculty 
of  Engineering  was  strongly  brought  out,  and  they  carried  awav 
a  better  impression,  perhaps,  than  the  Society  had  anticipated. 

This  year  the  Engineering  Society  is  inviting  members  of 
the  Board  of  Trade  from  every  part  of  the  province.  Without 
doubt  this  is  another  step  in  the  right  direction,  as  this  large 
and  influential  body  should  be  well  aware  of  the  progress  and 
possibilities  of  the  University  of  Toronto :  and  to  the  number 
that  will  be  in  attendance,  our  views  regarding  the  desire  and 
uillingness  of  the  University  to  increase  the  much-needed  inter- 
course between  both  bodies,  will,  in  all  ])robabilitv,  be  pre- 
sented. 


The  January  "Applied  Science"  of  last  year  contained  an 
article  ])ertaining  to  the  efforts  that  had  been  made  to  establish 
a  course  in  Ceramics  at  the  University  of 
Ceramics  Again  Toronto.  That  the  Clay  Products  ]\Ianufac- 
turers'  Association  have  not  diminished  their 
eagerness  to  further  the  enterprise,  is  indicated  by  the  fact  that 
the  question  arose  and  was  again  lively  discussed  at  their  annual 
convention  in  this  city  some  little  time  ago. 

President  McCredie.  in  his  address,  drew  attention  to  the 
pressing  need  of  the  establishment  of  a  chair  of  Ceramics  in 
the  University,  as  the  manufacture  of  clay  products  required 
young  men  with  a  thorough  training  in  this  branch  of  science. 
Other  members,  especially  yiv.  S.  J.  Ft^x.  M.P.P..  and  Mr.  T- 
S.  McCannell,  emphasized  the  demand  for  such  men  in  the 
ceramic  industry. 

The  attitude  taken  by  the  Board  of  Governors  several  years 
ago,  when  the  report  prepared  by  Dr.  Ellis,  and  others,  who 
had   investigated   the   progress   in    a   number   of   universities   in 
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the  United  States,  was  not  a  favorable  one  in  the  interests  of 
the  Canadian  Clay  Products  Association  and  its  proposal.  Its 
decision  came  rather  as  a  surprise,  as  the  agitation  had  met 
with  the  approval  of  the  Faculty  of  Applied  Science  and  of  the 
University  Senate. 

In  the  article  mentioned.  ]\Ir.  D.  O.  McKinnon  states  clearly 
the  scope  such  a  course  would  have  and  what  it  might  accom- 
plish. 

Those  who  are  interested  in  the  manufacture  of  clay, 
products  are  asked  to  again  read  the  article  and  to  look  forward 
to  a  similar  article  from    another  member  of  the  Association. 


THESES 

The   fourth-year   men,  with   the  exception  of  the  chemists 

and  miners,  have  submitted  their  theses  for  examination.     A  list 

of  them  is  given  below  : 

E.  P.  Bowman — Alagnetic  Declination,  Inclination  and  Intensity. 

A.  E.  Glover — Water  Supply  and  Irrigation  with  special  atten- 
tion to  methods  in  practice  in  the  United  States. 

J.  S.  Galletly — Photo-Topography. 

J.  E.  Gray — Determination  of  Latitude. 

O.  W.  Martyn — Determination  of  Longitude. 

E.  A.  Neville — Theory  and  Practice  of  Road  Location. 

N.  C.  Stewart — Determinate  of  Latitude. 

W.  G.  Amsden — The  Construction  of  the  Engineers'  Transit 
.  and  Level. 

J.  A.  Baird — Drainage. 

Thos.  Barber — Dams  and  Forebays. 

H.  A.  Barnett — Power  Development. 

W.  M.  Carlyle — Concrete  Foundations,  their  Construction  and 
Design. 

H.  S.  ClaVk— Rock  Excavation  in  Road  \\'ork.  Tumielling,  etc. 

C.  G.  Cline — River  Discharge  for  Hydraulic  Power  Purposes. 

G.  A.  Colquhoun — Street  Paving. 

R.  L.  Dobbin — Steel  and  Iron  Bases  for  Columns. 

A.  W.  Fletcher — Concrete  Culverts. 

W.  C.  Foulds — Iron  Castings. 

A.  Fraser — ^Malleable  Cast  Iron. 

M.  AI.  Gibson — Dams,  their  construction  and  design. 

V.  A.  E.  Good — Fireproof  Floors. 

N.  J.  Harvie — Turbine  Governors,  their  design,  and  methods  of 
operation. 

R.  H.  Johnston— The  Purification  of  Sewage. 

J.  C.  Keith — River  Discharge. 

G.  A.  Kingstone — Specifications  for  Concrete  Reinforcing. 

S.  Knight— The  Construction  and  :Maintenance  of  Public  High- 
ways. 
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J.  N.  Leitch — Piles  and  Piling. 

J.  A.  ^lacDonald — Reinforced  Concrete  Floor-Slabs. 
J.  B.  Macdonald — Specifications  for  Structural  Steel  Work. 
G.  A.  Macdonald — Irrigation — A  description  of  the  construction 
and  application  of  various  systems  of  design. 

D.  D.  MacLeod — Reinforced  Concrete  Dams — their  construction 

and  design 
S.  G.  McDougal — Permanent  Railway  Structure  and  Estimates. 
J.  ]\IcNiven — The  Theory  and  Design  of  Compression  Alembers. 
W.  H.  ^larten — Water  Filtration,  dealing  with  the  most  recent 

developments. 

E.  S.   ]\Iartindale — Breakwaters — A   treatise   of   their   construc- 

tion and  efificiency. 

F.  S.  Milligan — Bituminous  Pavements — Construction  of  various 

types. 
F.    R.     ?\Iortimer — The    Principles    and    Practice    of    Railway 

Signalling. 
A.   H.   Munro — Preliminary  Conditions   in   the   Development  of 

Hydro-electric  Power. 
V.  A.  Xewhall — The  Practice  of  Irrigation  in  the  \\'est. 

F.  T.  Nichol — Reinforced  Concrete  Floor  Construction — A'ariou? 

forms  of  construction  and  design. 

C.  M.  O'Neil— Construction  and  Properties  of  Reinforced  Con- 
crete Columns.  Beams,  etc. 

R.  B.  Pigott — Reinforced  Concrete — Principles  governing  con- 
struction and  design. 

R.  B.  Potter— The  Making  of  Good  Roads. 

\\\  S.  Ramsay — W^ater  Supply  and  Water  Purification. 

C.  E.  Richardson — Dams — General  description  of  the  construc- 
tion f)f  dams. 

J.  C.  Street — The  Purification  of  Public  Water  Supplies. 

C.  C.  Sutherland — Sewage  Disposal — A  description  of  methods 
now  in  common  use. 

A.  D.  Sword — Diving — together  with  other  applications  of  com- 
pressed air  to  submarines. 

L.  T.  Venney — Concrete  Highway  Bridges. 

C.  yi.  Walker — Cement — its  properties  and  the  various  methods 

employed  in  its  manufacture. 

G.  A.  Warrington — Highways — with  special  attention  to  location 

and  surfacing. 
L.  A.  \Vright — Concrete  Bridges. 
W.  S.  Young — Road  Imj^rovement. 

D.  C.    Blizard — Tungsten    Lights,    with    reference    to    Feature. 

Field,  and  Eflfect. 
L.   S.    Cockburn — Storage   Batteries — The   application,   installa- 
tion,  care   and   maintenance   of   batteries ;   synopsis   of   the 
various  svstems  in  use. 
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A.  G.  Code — The  Development  of  the  Incandescent  Light — from 
the  age  of  experiment  to  its  present  efficiency. 

C  D.  Dean — Suction  Gas  Producers — their  development  and 
construction ;  general  description  of  plants  and  units  com- 
prising them. 

W.  P.  Dobson — Wave  Forms  of  Force  Periods  which  occur  in 
Alternating  Current  Circuits. 

J.  W.  Ferguson — Suction  Gas  Producers. 

F.  T.  Fletcher — The  Development  of  the  Incandescent  Lamp, 
with  reference  to  the  Tungsten  Lamp. 

C.  B.  Leaver — Suction  Gas  Producers,  Gas  Analysis,  etc. 

H.  G.  MacMurchy — Modern  Methods  of  Electric  Power  Dis- 
tribution. 

H.  J.  MacTavish — Integrating  Watt-meters — Principles,  con- 
struction, and  application. 

C.  Holmes — Storage  Batteries. 

D.  D.  McAlpine — The  Induction  Generation,  its  theory,  applica- 

tion and  principles  of  construction. 

H.  O.  Merriman — The  Protection  of  Electric  Circuits  from 
Lightning. 

P.  E.  Mills — The  Gasoline  Engine  as  applied  to  Modern  Auto- 
mobiles. 

C.  G.  Parker — High  Voltage  Transmission. 

A.  L.  Sutherland — The  Prevention  of  Smoke  in  Boiler  Plants. 
R.   M.   A.   Thompson — The   Electrification   of   Steam   Railways, 

together  with  a  description  of  the  various  types  of  railway 

control. 
K.  M.  VanKallen— Oil  Switches. 
M.   B.  Watson — The   Electrical   Equipment  of  a  Modern   High 

Tension  Distribution  Station. 

B.  W.  Waugh — Wireless  Telegraphy. 

F.  C.    White— Voltage    Regulation — the    application    of    vector 

diagrams  to  the  same. 

G.  K.  Williams — Gasoline  Carburettors. 
A.  W.  Youell — Air  Compressors. 

S.  E.  Craig — Pulp  Making  Machinery. 

J.  R.  Burgess — Gas  Producers — A  description  of  various  tyi)es 

in  use,  their  operation  and  efficiency. 
A.    W.    Chestnut— Refrigeration— Application    of    the    general 

principles  to  refrigeration  requirements,  and  a   description 

of  the  machinery  in  use. 

D.  C.  Chisholm— The  Preservation  of  Timber. 

C.  R.   Ferguson— Steam  Turbines— The  theory  governing  their 

application,  the  field,  and  efficiency. 

H.  Gall— Municipal  Railways  and  Thoroughfares. 

V.  F.  Gourlay— Tool  Steel— Its  properties,  manufacture  and  a 
synopsis  of  the  various  uses  to  which  it  is  applied. 

H.  C.  Johnston— Dams— Design  and  various  forms  of  construc- 
tion. 
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J.  I.  MsSloy — Modern  Automobile  Engines. 

C.  H.  Phillips — Producer  Gas  Engines. 

L.  R.  Wilson — The  Application  of  Nickel  Steel  and  other  High 
Tension  Alloys  to  Modern  Bridge  Construction. 

M.  H.  Woods — The  Details  of  Gasoline  Engine  Details. 

H.  C.  Barber — High  Tension  Underground  Cables. 

T.  H.  Crosby — The  Parallel  Operation  of  Alternating  Current 
Generators. 

R.  G.  Lee — The  Single  Phase  Induction  Motor. 

A.  S.  McCordick — Railway  Converter  Sub-Stations. 

C.  E.  Palmer — Storage  Batteries  and  their  Application. 

K.  K.  Pearce — Electric  Locomotives — A  description  of  various 
types  of  electric  train  control,  and  of  modern  brake  systems. 

R.  A.  Sara — Organization  for  Electric  Distribution  Companies. 

A.  Schlarbaum — Protective  Apparatus. 

M.  W.  Sparling — Switchboards — A  synopsis  of  their  construc- 
tion and  equipment. 

J.  B.  K.  Fisken — A  Gothic  Church. 

T.  C.  McBride — The  Design  of  a  Public  Library. 

W.  S.  Wickens — The  Design  of  a  Post  Office. 

C.  P.   Van    Norman — Transformers — A    descrijjtion    of    general 

principles,  and  the  investigation  of  vector  relations  of  the 
transformer. 

R.  J.  Arens — The  Manufacture  of  Potassium  Bichromate  from 
Chrome  Ores. 

J.  H.  Harris — The  Manufacture  of  Soap. 

J.  A.  MacKinnon — The  Filtration  of  Water  for  Domestic  Pur- 
poses. 

J.  H.  Adams — The  Limits  of  Amalgamation  of  Porcupine  Gold 
Ores. 

E.  T.  Austin — High  Silica  Slags  in  Copper  Smelting. 

D.  G.  Bissett — The  Electrolytic  Assay  of  Zinc  Ores. 

A.  F.  Brock — The  Cyaniding  of  Concentrates  of  Porcupine  Ore. 

A.  D.  Campbell— Cobalt  Milling  Methods. 

v.  H.  Emery — Cyanide  Treatment  of  Slimes  from  the  Porcu- 
pine Gold  Ores. 

J.  M.  Foreman — Acid  Open  Hearth  Slags. 

R.  L.  Greene — Association  of  the  Ores  at  the  O'Brien  Mine 
Cobalt. 

P  E.  Hopkins — Cyanide  Treatment  of  Sands  from  Porcupine 
Gold  Ores. 

F.  L.  James — The  Electro-analysis  of  Zinc. 

H.  G.  Kennedy — Mine  Timbering  of  Metalliferous  Mines. 

G.  L.  Kirwan — Losses  in  the  Fire  Assay  of  Silver  Ores. 
A.  W.  R.  Maisonville — Malleable  Castings. 

A.  C.  Matthews — The  Basic  Open  Hearth  Slags. 
W.  E.  Newton — The  Electro-magnetic  Separation  of  Zinc  Min- 
erals. 
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A.  L.  Steeel — Investigation  of  the  Losses  in  Assaying  of  Gold- 
bearing  Ores. 

H.  M.  Steven — Cyaniding  versus  Amalgamation  for  Gold  Ores. 
T.  Walton — Blast  Furnace  Slags. 

S.  A.  Wookey — The  Interpretation  of  Topographic  Maps,  with 
some  reference  to  the  Geology. 


SCHOOL  MEN  IN  THE  NORTH 

Some  of  the  "School"  men  at  present  residing  in  the  Temis- 
kaming  District: 

In  Cobalt— Chas.  Williams,  M.  T.  Culbert,  Robt.  A.  Bryce, 
A.  Carroll,  B.  Neilly,  E.  V.  Neelands,  S.  A.  Thorne,  H.  E.  Colley, 
Herb.  Clark,  G.  Pace,  D.  Duthie.  A.  D.  MacDonald,  Geo.  Adams. 

In  New  Liskeard— E.  W.  Neelands,  H.  W.  Sutcliffe,  C.  H. 
Fullerton,  F.  Dines,  P.  Phillips,  W.  J.  Johnston,  W.  J.  Blair. 

In  Haileybury — H.  T.  Routley,  W  .Malcomson,  G.  F.  Sum- 
mers, Jno.  Pierce.  E.  D.  Eagleson.  A.  H.  A.  Robinson,  A.  E. 
Jupp,  Mr.  Gouldie.  H.  Southworth,  Eric  Ryerson,  Robt.  Laird, 
Geo.  Johnston. 

In  Cochrane — R.  Harthstone.  E.  Nickels.  P.  A.'  Laing,  W. 
M.  Bishop,  J.  H.  Dawson.  Gordon  Calvert.  Chas.  Peterson, 
Erie  Ryerson,  Buzz  Nelles. 

In  Porcupine — E.  R.   Dann,  F.  Bedford. 

In  GowGanda — C.  Titus,  Wilkie  Evans. 

In  North  Bay— R.  Keys.  P.  Maher,  Harold  Keefer,  Jno. 
Shaw. 

In  Sault  Ste.  Marie — Jno.  Laing.  Ken.  Ross. 

In   Sudbury— Mr.  Stull,  Mr.  Demorset. 


OBITUARY 
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WHAT  OUR  GRADUATES  ARE  DOING. 

F.  G.  Allen,  '07,  is  with  the  B.  F.  Sturtevant  Co.,  Hyde 
Park,  Mass.,  as  assistant  to  the  chief  consulting  engineer. 

A.  H.  Arens,  '06,  is  in  Inverness,  X.S.,  as  resident  engineer 
for  the  Inverness  Railway  and  Coal  Co. 

E.  G.  Arens,  '09,  is  with  the  H.  D.  Symmes  Co.,  of  Niagara 
Falls. 

A.  R.  Raymer,  '84,  is  assistant  chief  and  signal  engineer  for 
the  Pittsburgh  and  Lake  Erie  R.  R.  Co. 

Wm.  J.  Chalmers,  '89,  is  with  the  Vanport  Beaver  Co.,  Pitts- 
burg. 

G.  H.  Richardson,  '88,  is  managing  director  of  the  Yellow- 
head  Pass  Coal  and  Coke  Co. 

G.  E.  Sylvester,  '91,  is  chief  engineer  for  the  Canadian  Copper 
Co..  Copper  Cliff,  Ont. 

A.  T.  Beauregard,  '94,  is  laboratory  engineer  for  the  Public 
Service  Corporation  of  New  Jersey. 

Harold  Rolph,  '94.  is  secretary  for  the  John  S.  Metcalf  Co.. 
Limited,  ^lontreal. 

A.  E.  Blackwood,  '95,  is  manager  of  the  Sullivan  Machinery 
Co.,  New  York  city,  manufacturers  of  quarry  and  mining  supplies 
and  diamond  drills. 

H.  W.  Saunders,  '01,  is  division  engineer  of  the  United  States 
Coal  and  Coke  Co.,  having  charge  of  12  of  their  mines. 

\\"m.  Christie,  '02,  is  engaged  in  D.L.S.  work  at  Prince 
Albert,  Sask. 

A.  A.  \\'anless,  '02,  is  lecturer  and  demonstrator  in  the 
Sydney  J\Iines  Technical  Schools,  Nova  Scotia. 

A.  G.  Lang,  '03,  is  underground  sujierintendent  for  the 
l^ironto  Hydro-Electric  System. 

H.  F.  A\'hite,  '03,  is  assistant  superintendent  for  the  Geo. 
\Miite  &  Sons  Co.,  Ltd.,  London,  Ont. 

John  Paris,  '04,  is  resident  engineer  on  construction  for  the 
T.  C.  Ry..  at  La  Tuque,  Quebec. 

\\'.  S.  Pardoe.  '04,  is  instructor  in  hydraulics  and  sanitary 
engineering.  University  of  Pennsylvania,  Philadelphia. 

Thos.  D.  Brown,  '06,  is  with  the  Canadian  Fairbanks  Co., 
in  their  Calgary  office. 

W.  P.  Near,  '06,  is  resident  engineer  on  trunk  sewer  con- 
struction. Main  Drainage  Dept.,  City  Hall. 

Geo.  W.  Bissett,  '06,  is  mill  superintendent  for  the  Canadian 
Exploration  Co.,  Ltd.,  at  Naughton.  Ontario. 

D.  W.  ]\Iarrs,  '06,  is  designer  of  structural  steel  for  the  Riter 
Conley  Mfg..  Co. 

j\I.  K.  ]\IcOuarrie.  '07,  is  terminal  engineer  for  the  C.P.R 
at  Vancouver,  B.C. 


Drawn  by   T.  I,.  F.  Rowe  when  a  First  Year  Sludenl  in 
the  Deparlnienl  of  Architecture. 
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INCANDESCENT  LAMPS.* 

M.  B.  HASTIXGS.  'ii. 

Illuminating-  engineering  is  simply  the  engineering  method 
applied  to  the  production,  the  sale  and  the  use  of  light.  Now,  as 
this  paper  must  be  short  I  have  decided  to  confine  my  few  re- 
marks to  the  manufacturing  and  testing  of  lamps.  Hence  the  title 
"  Incandescent  Lamps." 

Incandescent  lamps,  as  we  are  all  aware,  are  divided  into 
four  separate  and  distinct  classes,  namely,  Carbon,  with  an  effi- 
ciency of  3.1  w.p.c. ;  Gem,  which  is  an  improved  carbon  with  an 
efficiency  of  2.5  w.p.c. ;  Tantalum  with  an  efficiency  of  2  w.p.c. ; 
and  Tungsten  with  an  efficiency  of  1.25  w.p.c. 

As  the  Carbon  lamp  is  the  first  to  come  into  prominence  it 
might  be  proper  to  mention  a  few  words  with  regard  to  its  manu- 
facture. The  filaments  of  the  first  carbon  lamps  consisted  of 
strips  of  woody  plants  such  as  bamboo,  and  vegetable  fibres,  such 
as  cotton  threads,  and  strips  of  paper  and  animal  fibres,  such  as 
silk,  but  none  of  these  materials  mentioned  were  found  suffi- 
ciently uniform  in  structure,  density,  electrical  resistance  and 
character  of  surface.  The  first  promising  efifort  to  gain  uniform- 
it}^  was  the  effort  to  parchmentize  the  outer  portion  of  the  cotton 
threads  usually  by  soaking  a  limited  time  in  sulphuric  acid,  but 
this  resulted  in  a  fibre  covered  with  lumps  and  irregular  in  sec- 
tion. This  objection  was  overcome  by  drawing  the  filament 
through  a  series  of  dies.  This  process  pointed  the  way  to  the 
evidently  logical  procedure  of  breaking  up  the  cellular  structure 
entirely,^  converting  it  into  a  viscous  compound  which  could  be 
pressed  through  an  orifice  into  a  coagulent,  thus  forming  a  thread 
of  cellulous  without  structure.  Any  chemical  capable  of  dissolv- 
ing cotton  may  be  used,  a  strong  hot  solution  of  zinc  chloride 
being  the  most  common.  A  solution  of  gun  cotton  on  acetic  acid 
is  used,  to  some  extent,  principally  in  European  factories. 

The  process  of  dissolving  the  cotton  for  carbon  filaments  in 
a  zinc  chloride  solution  takes  the  form  of  a  heavy  syrup.  It  is 
then  evacuated  at  a  temperature  below  the  boiling  point  of  water 
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until  occluded  air  and  gas  are  removed.  All  conditions  must  be 
uniformly  maintained.  After  cooling  the  mass  is  forced  through 
platinum  dies  by  air  pressure,  the  end  of  the  dies  extending  about 
Yi  in.  into  a  jar  of  alcohol,  which  coagulates  the  jet  of  solutions 
as  it  emerges  from  the  die.  The  glass  jar  containing  the  alcohol 
revolves  about  one  revolution  in  3  min.  which  keeps  the  fibre 
from  tangling  as  it  lays  itself  down  in  coils.  Inside  the  glass  jar 
is  a  hard  rubber  basket  into  which  the  fibre  is  coiled.  One  of 
these  baskets  will  hold  enough  fibre  for  1800  —  2  c.p.  110  volt 
lamps  while  it  will  only  hold  enough  for  about  300  —  50  c.p.  50 
volt  lamps.  After  standing  in  alcohol  for  about  12  hours  these 
fibres  are  washed,  first  in  a  solution  of  hydrochloric  acid  water 
for  about  3  hours,  then  in  distilled  water  for  about  2  hours.  The 
idea  is  to  dissolve  out  all  soluble  salts  from  the  fibre,  leaving 
only  pure  carbon  with  traces  of  insoluble  salts.  The  latter  are 
afterwards  evaporated  by  the  heat  of  carbonization.  If  the  salts 
were  not  almost  wholly  removed  from  the  fibre  the  carbon  would 
be  porous  and  brittle.  After  washing  the  fibre  is  wound  upon 
drums  about  4  ft.  in  diameter  where  it  dries.  After  the  fibre  is 
taken  from  the  drum  it  is  wrapped  either  upon  carbon  blocks  or 
forms  to  give  the  desired  shape,  and  carbonized  at  a  temperature 
of  about  3000  degrees  Centigrade.-  After  carbonization  the  fila- 
ments are  assorted,  cut  for  length  and  electrically  heated  in  the 
presence  of  paraffine  hydro  carbon  gas.  The  carbon  deposited 
upon  the  filament  from  this  gives  it  a  better  light  radiating 
surface,  also  the  deposit  causes  the  resistance  of  the  individual 
carbons  to  be  brought  closer  together.  The  amount  of  deposits 
is  governed  exactly  by  automatic  devices.  After  the  carbons 
have  received  this  coating  they  are  put  in  stock  for  factorv  use. 
The  glass  tubing  from  which  the  stems  containing  the  platinum 
leading  in  wires  arc  made  is  bought  from  the  glass  factory  in  3 
or  4  foot  lengths.  This  tubing  is  cut  into  lengths  varving  from 
1  to  2  in.  on  a  carborundum  wheel.  These  pieces  are  then  placed 
in  an  automatic  flange  rolling  machine.  From  these  machines 
the  flanges  are  taken,  assorted  and  inspected.  Thev  are  then 
taken  by  the  stem  machine  operators,  and  with  the  platinum  and 
copper  leading  in  wires  together  with  the  anchor  wire  they  arc 
made  into  stems  which  after  inspection  are  x^^^Ay  for  the  clamp- 
ing department.  In  this  department  the  stem  and  filament  meet. 
The  operators  cement  the  carbon  to  the  platinum  wires  by  a 
graphite  cement,  after  Avhich  they  are  baked  until  tlie  joint  will 
stand  soaking  in  water  for  4  or  5  hours  without  coming  loose. 
We  now  have  the  carbon  cemented  to  the  platinum  leading  in 
wires,  ready  to  be  sealed  into  the  bulb.  Thev  are  then  sealed 
into  the  bulb  and  the  \-acuinn  is  obtained,  similar  to  the  ]5rocess 
which  will  be  described  later  in  the  discussion  of  the  Tungsten 
lamn. 
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Tungsten  Lamps. 

Within  the  last  few  years  wires  of  rare  metals  have  been  sub- 
stituted for  the  older  carbon  wires  or  filaments.  Tantalum  and 
Tungsten  metals  have  proven  best  adaptable  for  this  purpose, 
and  it  is  the  Tungsten  lamp  especially  that  this  paper  is  designed 
to  discuss. 

Tungsten  lamps  are  manufactured  from  the  ore  known  as 
Wolframite,  an  oxide  of  manganese,  iron  and  Tungsten  (wolf- 
ram). Tungsten  oxide  is  now^  chemically  obtained  from  the 
crushed  ore.  JNIetallic  Tungsten,  as  a  pow^der,  is  now  reduced 
from  the  yellow  oxide.  The  paste  process  by  which  a  large 
majority  of  Tungsten  lamps  is  made  is  as  follows:  Tungstic 
acid,  as  received  by  the  lamp  manufacturer,  is  in  the  form  of  a 
heavy  yellow  colored  powder,  and  notwithstanding  its  purity  has 
to  undergo  a  most  thorough  purification  ,and  special  treatment 
in  order  to  reduce  it  to  a  fine  yellowish  powder  which  possesses 
a  slight  porosity.  This  peculiar  physical  condition  is  necessary 
for  the  successful  reduction  of  the  oxide  which  can  be  accom- 
plished in  several  different  ways,  perhaps  most  easily  b}-  heating 
to  redness  in  a  current  of  hydrogen.  After  obtaining  this  very 
pure  metallic  Tungsten  the  next  operation  is  to  mix  it  with  com- 
bining material  in  order  to  form  a  plastic  mass  that  may  be 
squirted  into  the  fine  threadlike  filaments.  Some  substances  can 
be  used  for  this  purpose,  but  some  com])ound  of  carbon,  oxygen 
and  hydrogen,  such  as  starch,  sugar,  camphor,  etc.,  is  usually 
employed.  The  metallic  powder  when  mixed  with  such  combin- 
ing material  has  the  same  consistency  and  appearance  as  black 
putty.  It  is  absolutely  smooth  and  uniform  and  it  is  impossible 
to  detect  the  slightest  grain.  This  paste,  as  it  is  called,  is  placed 
in  a  small  steel  cylinder  and  forced  by  a  pressure  of  about  32,000 
lbs.  per  sq.  in.  through  a  small  diamond  die. 

The  die  used  in  squirting  1\mgsten  filament  consists  of  a 
suitably  mounted  diamond  of  from  one-half  to  one  carat  in 
weight,  through  which  a  very  minute  hole  has  been  drilled.  In 
the  smaller  dies  used  to-day  this  hole  is  only  about  0.0014  in.  in 
diameter,  which  is  smaller  than  an  ordinary  hair.  The  hole  is 
drilled  in  the  diamond  with  a  steel  needle,  ground  down  so  fine 
that  it  is  as  flexible  as  a  hair,  and,  as  can  be  imagined,  tlio  drilling 
requires  considerable  time  and  patience.  The  stone  when  drilled 
is  mounted  in  a  steel  casting  in  order  to  hold  it  against  the 
enormous  pressure  used  in  squirting  the  filament. 

Under  such  pressure  the  wearing  of  the  die  even  by  smooth 
tungsten  paste  is  very  rapid.  This  wearing  is  a  serious  matter, 
as  the  diameter  of  the  hole,  and  consequently  that  of  the  filament 
squirted,  constantly  increases.  Moreover,  the  wearing  is  not  uni- 
form, so  that  the  hole  enlarges  more  rapidly  in  the  direction  of 
one  diameter  than  the  other,  assuming  when  worn  an  elliptical 
shape.     After  enough  filament  for  about   1..^00  lamps  has  been 
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squirted  it  is  necessary  to  have  the  die  rebored,  an  operation 
which  costs  almost  as  much  as  the  original  die.  A  die  cannot  be 
rebored  more  than  twice  before  it  develops  cracks  or  fissures 
which  cause  it  to  break.  The  ne^t  hardest  material,  sapphire,  has 
been  experimented  with  as  a  material  for  these  dies,  but  it  is 
found  that  such  a  die  is  very  liable  to  split,  and  that  it  w'ill 
hardly  make  100  lamps  before  it  needs  re-drilling. 

The  filament,  after  squirting  has  been  likened  in  character  to 
a  filament  of  putty,  that  is,  while  holding  its  form  well  and  being 
flexible  to  some  extent,  it  is  liable  to  break  if  bent  sharply.  The 
filament  as  squirted  is  looped  back  and  forth  on  cards,  and  after 
being  allowed  to  dry  is  cut  to  form  a  number  of  single  loops, 
much  as  they  are  seen  in  the  finished  lamp. 

The  next  operation  is  to  beat  the  filaments  in  an  inert  gas, 
or  in  one  chosen  to  act  upon  the  particular  binding  material  em- 
ployed, until  they  reach  a  red  heat  which  removes  any  moisture 
and  lighter  hydrocarbons  that  may  be  present.  Each  filament  is 
then  mounted  in  a  current  conducting  clips,  so  that  it  mav  be 
heated  by  passing  an  electric  current  through  it.  During  this 
final  heating  or  forming,  as  it  is  termed,  the  filament  is  supported 
verticall}^  with  the  loop  downward.  A  very  small  weight  (a  few 
milligrams)  is  hung  in  the  loop  to  prevent  the  filament  from 
being  distorted  in  shape  during  the  heating,  which  is  usually  per- 
formed in  either  inert  gas  or  in  a  very  good  vacuum,  the  gas,  if 
used,  being  again  dependent  to  some  extent  on  the  binding 
material  employed.  The  temperature  of  the  filament  is  raised 
gradually,  allowing  time  for  the  proper  reactions  and  physical 
changes  to  take  place.  During  the  heating  the  energy  put  into 
the  filament  rises  to  about  fifteen  times  that  finally  required  in 
the  lamp,  and  while  some  heat  is  carried  away  by  the  forming 
gas  the  temperature  is  undoubtedly  much  higher  than  that 
reached  in  subsequent  operation. 

Every  trace  of  binding  material  is  driven  out,  and  the  fila- 
ment when  finally  brought  to  a  sufiiciently  high  temperature 
undergoes  a  sudden  and  marked  contraction  in  diameter  and 
length  as  the  small  semi-molten  particles  become  soft  enough  to 
merge  into  one  perfectly  homogeneous  mass.  A  piece  ofsuch 
filament  under  a  microscope  resembles  a  drawn  wire,  and  while 
the  surface  is  not  perfectly  smooth  there  is  no  indication  of  a 
granular  structure. 

At.  a  dull  red  heat  any  good  tungsten  filament  is  flexible 
enough  to  be  bent  as  desired,  but  when  cold  is  somewhat  fragile. 
For  this  reason  it  is  a  good  thing,  if  possible,  to  light  tungsten 
lamps  while  cleaning  them,  the  chance  of  mechanical  breakages 
being  then  minimized. 

In  order  to  secure  a  uniform  quality  of  filament,  which  is 
absolutely  necessary  for  good  lamp  making,  every  step  of  the 
entire  process  of  production,  even  to  the  smallest  detail,  must  be 


ARCHITECTURAL  DESIGN.  121 

carried  through  with  exactness.  For  example,  the  rate  at  which 
the  temperature  of  the  filament  is  raised  during  the  forming  pro- 
cess has  a  most  important  effect  on  the  final  filament  structure. 
and  must  be  carried  out  with  extreme  care  in  order  to  assure  a 
perfectly  uniform  run  of  filament. 

After  forming  the  filaments  are  mounted  upon  the  familiar 
glass  supporting  rod  as  seen  in  the  finished  lamp,  and  the  joint 
between  each  leg  and  the  supportmg  and  conducting  terminal 
made  by  electrically  welding  the  filament  to  the  support.  This 
makes  a  very  perfect  joint,  both  electrically  and  mechanically. 

The  material  used  for  the  hooks  and  supporting  wires  aft'ects 
the  performance  of  the  lamp  to  a  considerable  extent.  Soft  cop- 
per is  used  extensively  for  such  supports,  also  to  a  somewhat 
lesser  extent,  molybdenum,  tungsten,  tantalum,  carbon,  platinum 
or  other  refractory  materials.  Soft  copper  does  not  alloy  with 
pure  tungsten,  and  moreover  occludes  but  very  little  gas,  so  that 
it  makes  a  very  satisfactory  form  of  supporting  hook. 

The  process  of  producing  a  high  vacuum  within  the  bulb  of 
a  tungsten  lamp  is  a  great  deal  more  laborious  than  in  the  case 
of  the  carbon  lamp.  It  is  necessary  in  order  to  produce  a  good 
lamp,  and  this  applies  to  carbon  and  other  types  as  well,  to 
remove  every  trace  of  gas,  not  only  that  actually  free  at  the  time 
of  pumping,  but  that  which  may  later  be  liberated  from  anything 
within  the  finished  bulb.  A  good  lamp  vacuum  is  only  possible 
through  the  use  of  very  perfect  exhausting  machinery  and 
through  subjecting  the  entire  lamp,  filament,  glass,  and  other 
parts  "to  a  proper  heat  treatment,  during  the  pumping  process. 
The  heat  treatment  tends  to  drive  from  the  glass  walls  and  other 
surfaces  exposed  within  the  bulb  the  particles  of  air  which  cling 
to  them  in  a  thin  film  with  surprising  persistence.  A  glass  bulb 
pumped  while  cold  will  apparently  reach  a  high  degree  of  ex- 
haustion at  the  end  of  the  pumping  process  but,  if  left  standing 
for  some  time,  will  be  found  to  possess  a  very  poor  vacuum  as 
judged  from  that  required  to  insure  a  good  lamp  performance. 
This  is  due  to  the  gradual  liberation  of  particles  of  air  which, 
during  the  pumping!^  cling  to  the  interior  surfaces.  The  filament 
is  heated  intensely  by  passing  an  electric  current  through  it 
while  on  the  pump  in  order  to  drive  from  it  and  from  the  sun- 
porting  wires,  which  are  heated  by  the  incandescences  of  the 
filament,  any  occluded  gas  which  may  later  be  freed  from  these 
parts  and  thus  spoil  to  a  certain  extent  the  perfect  vacuum  re- 
quired for  successful  operation.  During  the  pumping  process 
the  filament  temperature  must  be  regulated  with  great  care,  the 
temperature  being  raised  gradually  as  the  bulb  becomes  evacuat- 
ed. If,  for  example,  the  temperature  should  be  raised  too  quick- 
ly, a  thin  film  of  oxide  will  form  on  the  surface  of  the  filament, 
which  although  entirely  removed  by  a  further  rise  in  tempera- 
ture and  higher  degree'  of  exhaustion,  will  have  been  found  to 
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have  caused  a  slight  change  in  the  character  of  the  surface  of 
the  filament,  altering  thereby  its  emissivity  and  radiating  pro- 
perties and  injuring  its  subsequent  life  performance. 

After  pumping,  the  lamps  are  given  an  exhaust  inspection 
and  aging  by  burning  at  a  certain  percentage  over  voltage.  If, 
during  this  inspection,  any  lamp  develops  or  shows  a  bluish 
color  or  haziness  within  the  bulb  it  is  an  indication  of  imperfect 
vacuum  and  the  lamp  is  rejected.  The  period  of  burning  and 
per  cent,  over  voltage  depends  somewhat  on  the  size  of  the  lamp, 
but  in  every  case  has  been  chosen  so  that  if  a  lamp  is  at  all 
likely  to  develop  a  poor  vacuum  it  will  be  disclosed  on  this  in- 
spection. 

The  glass  work  recjuired  in  making  the  tungsten  lamps,  is, 
with  the  exception  of  the  centre  glass  stem,  practically  the  same 
as  in  the  other  types  of  incandescent  lamps. 

I  have  now  covered  in  a  general  way  the  process  of  pro- 
ducing the  tungsten  lamps,  and  have,  I  hope,  given  some  slight 
idea  as  to  the  care  required  in  such  production.  In  order  to  show 
the  performance  of  the  lamps  in  subsequent  service  I  have  at  my 
disposal,  loaned  by  the  N.  E.  L.  A.,  the  averaged  candle  power 
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Fig     1  —Characteristic  performance  of  40-\vatt  tungsten  laijips 


life  curves  of  50-40  watt  tungsten  lam])s  which  were  burned  on 
life  test  at  constant  voltage  corresponding  to  an  initial  con- 
sumption of  1.25  watts  per  mean  horizontal  candle  power.  The 
curves  in  Fig.  i  show  the  change  in  candle  power,  current  and 
efficiency  during  the  period  of  test,  which  was  stopped  at  about 
1.400  hours.  In  order  to  show  the  life  performance,  a  ctirve  is 
given   showing  the   per  cent,   of  lamps   which    wore  burning  at 
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the  end  of  various  periods  of  time.  These  curves,  Fig-.  2.  are  the 
average  obtained  from  80—10  watt  tung-sten  lamps  burned  under 
same  conditions  as  the  previous  test,  i.e.,  at  1.25  w.p.c.  About 
one-half  of  the  lamps  were  burned  in  a  horizontal  position  and 
others  in  a  vertical  position,  tip  downward.  These  tests  were 
stopped  at  the  end  of  2,000  hours. 

The   change    in    appearance   of   the    filament    during   life    is 


Fig.  o. — Unmounted  tungsten 

filament. 


Fig.   4. — 25-watt  tungsten — 4()0 
hr. — aUernating  current. 


Fig.  5. — +fMvatt  tungsten — Imi  hr. 
— alternating  current. 


Fig.  '). — J.S-watt  tungsten — 14iMt 
hr. — alternating  ctirrent. 


Fig.  7.— 40-\vatt  tungsten— S98 
hr. — alternating  current. 


Fig.  n.— 4()-\vatt  tungsten  JlVd 
hr.  —  alternating  current. 


rather  interesting,  and  some  illustrations  showing  filaments 
taken  from  lamps  which  had  been  burned  for  various  lengths  of 
time  are  shown  in  Figs.  3  to  23.  For  comparison,  a  few  tantalum 
filaments,  as  well  as  a  few  filaments  from  a  gem  and  from  a  car- 
bon lamp  are  shown. 

To  show  the  effect  of  a  varying  line  vi»ltage  an  increase  of 
6  per  cent,  in  the  voltage  of  a   carbon   lamj)   increases  the  per 
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cent,  candle  power  as  much  as  an  increase  of  9  per  cent,  in 
voltage  of  the  tungsten  lamp.  While  a  tungsten  lamp  of  10  per 
cent,  under  voltage  drops  in  per  cent,  candle  power  only  as  much 
as  a  carbon  lamp,  7  per  cent,  below  normal.  For  a  circuit  where 
the  regulation  is  poor,  the  tungsten  lamp  will  be  found  to  give 
much  better  satisfaction  as  far  as  variation  of  candle  power  is 
concerned  than  the  carbon  lamp.    The  size  and  filament  required 
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Fig.  9.— 40-watt  tungsten— 300 
hr. — direct  current. 


Fig.  10.— 4()-\vatt  tungsten— .3000 
hr. — direct  current. 
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Fig.  11. — lOO-watt  tungsten — 
1400  lir. — alternating  current. 


Fig.  12. — 250- watt  tungsten— 
200  hr. — alternating  current. 


Fig.  1>5. — Tungsten — street  series 
—2000  hr. 


Fig.  14. — Tungsten — street  series 
—2.549  hr. 


in  lamps  of  various  candle  powers  and  voltages  varies  consider- 
ably. For  110  volts  the  size  and  length  varies  from  a  diameter 
of  0.0013  in.  and  a  total  length  of  17.4  in.  for  a  25-watt  lamp  to  a 
diameter  of  0.0060  in.,  and  a  total  length  of  37.56  in.  for  a  250- 
watt  lamp. 

The  specific  resistance  of  tungsten  is  al)out  46.3  ohms  per 
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mil-inch  at  a  temperature  corresponding  to  1.25  w.p.c,  and  about 
9  per  cent,  of  this  figure  or  4.19  ohms  per  mil-inch  at  ordinary 
room  temperature.  This  low  cold  resistance  has  led  to  a  good 
deal  of  discussion  as  to  the  value  of  the  starting  current  obtained 
upon  closing  the  circuit  of  a  tungsten  lamp  and  its  effect  upon 
the  filament. 

The   question   is   of  particular   importance  when   the   lamt)s 


Fig.  15. 
hr.- 


— SO-walt  tantalum — 800 
-alternating  current. 


Fig.  16.— 80-watt  alternating— 400 
hr. — 80-watt  alternating  current. 


Fig.  17. — 40- watt  tantalum — 800 
hr. — alternating  current. 


Fig.  18.— 80-watt  tantahuu— 948 
hr. — alternating  current. 


Fig.  19.— 80-watt  tantahuu— 60 
hr.  — direct  current. 


Fig.  20. —  80-watt  tantalum— 4.55 
hr.  —direct  current. 


are  turned  on  and  off  continuously,  as  for  example,  in  flashing 
sign  work. 

To  most  people  incandescent  lamps  are  pear-shaped  bottles 
of  two  or  three  sizes  used  for  store  and  residence  illumination. 
As  a  matter  of  fact,  there  are  435  sizes,  styles  and  types  of  in- 
candescent lamps,  and  they  are  used  for  every  conceivable  ser- 
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vice  fr(jin  street  lighting'  to  the  illumination  oi  stomach  in- 
teriors in  surgical  work.  These  lamps  range  from  1-10  to  400 
c.p.  There  are  97  separate  sizes  and  t3q)es  of  bulbs  used  and  26 
sizes  and  styles  of  base.  There  are  22  different  types  of  fila- 
ments.    If  all  the  different  voltages,  effi'ciencies.  styles  and  types 
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Fig.  21.— so-watt  tantalum 
1058  hr. — direct  citrrent. 


Fig.  22. — (Tein — <S41.  hr. 


Fk;.  2.S. — Carln)!!-  .^ns  hr. 


are  taken  into  account  there  are  in  ])ractice  not  less  than  2.500 
distinct  lamps. 

It  may  be  interesting  to  explain  how  characteristics  of  these 
lamps  are  obtained,  that  is,  th.e  data  necessary  for  testing  these 
lamps  from  a  mathematical  and  scientific  stand])oint-]:)asis. 

The  tungsten  lam])  is  measured  at  a  voltage  which  will  make 
it  burn  at  1.25  w.p.c,  the  candle-powder,  watts,  amperes,  ohms 
and  volts  are  plotted  and  as  these  readings  are  from  the  lamj) 
at  its  normal  condition  they  are  recorded  as  100  per  cent. 

Corresponding  readings  are  taken  as  the  candle-power  is 
lowered  to  20  per  cent,  normal  and  raised  to  150  per  cent,  of 
normal.  For  the  normal  range  of  operation  these  curves  can  be 
expressed  in  the  form  of  parabolic  equations,  a  few  of  which  are 
given  as  follows. 

Let  r  =  candle-power. 

e  =  efficiency  in  watts  per  candle. 
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V  =   ^ 

^olta 

^e. 

W  =  watts. 
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Fig.  24  — Performance  of  tungsten-  filament  lamp 
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X'alues  of  exponents  "a,"'  "b/'  and  "d"  are  obtained  by  plot- 
ting the  corresponding-  curve  on  log  section  paper  and  measur- 
ing the  tangent  of  the  angle,  which  is  the  value  of  the  exponent 
required. 

These  performance  curves  are  of  indispensable  value  in  the 
engineering  department  in  connection  with  life  testing  of  the 
lamps  sent  in  by  the  different  factories. 

Within  the  last  year  the  basis  of  candle-])o\ver  has  changed 
from  the  old  American  candle-power  to  the  International  candle- 
power.  The  effect  of  this  change  from  the  British  unit  of  1.6 
per  cent,  in  the  unit  of  the  Bureau  of  Standards,  which  is  in  gen- 
eral use  for  electric  lighting  throughout  the  country  is  to  raise 
the  candle-power  rating  and  increase  slightly  the  w.p.c.  of  elec- 
tric lamps.  A  16-candle-power  lamp  will  give  16.26  candles  in 
the  new  unit,  or  a  16-candle-power  carbon  filament  lamp  burn- 
ing at  no  volts  will  give  i6  candles  on  the  new  basis  at  109.69 
volts.  The  change  though  small  is  important  in  the  photometry 
and  rating  of  lamps. 

Another  recent  change  is  what  is  known  as  the  3-voltage 
plan.  The  incandescent  lamp  manufacturers  have  recently  made 
a  radical  change  in  their  method  of  rating  these  "Mazda"  lamps, 
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in  order  that  the  lamps  could  be  used  with  greater  economy 
under  those  certain  conditions  where  heretofore  their  cost  of 
operating  exceeded  that  of  a  less  efficient  type  of  lamp  and  is 
most  valuable  in  cases  where  the  cost  of  electrical  energy  is  low. 
The  new  method  of  rating,  called  "The  Three-Voltage  Plan,"  is 
based  upon  the  fact  that  for  any  given  set  of  conditions,  depend- 
ing upon  the  cost  of  energy  and  cost  of  lamp  there  is  one  par- 
ticular efficiency  and  life  at  which  it  is  most  economical  to  oper- 
ate a  given  lamp. 

Each   "Mazda"   lamp   is   labelled   with   three   voltages,   two 

114 
volts  apart,  as.  for  example.  112,  called  top.  middle  and  bottom 

110 
voltages.  This  method  of  rating  makes  it  possible  for  a  cus- 
tomer to  select  the  particular  efficiency  of  lamp  he  wishes  to 
use  by  specifying  that  either  the  top,  middle  or  bottom  voltage, 
as  the  case  may  be.  should  be  the  same  as  that  of  his  lighting 
circuits. 

^^'hen  burned  at  top  voltage  the  "^lazda"  lamp  has  the 
highest  efficiency  or  consumes  the  least  energy  for  the  light  pro- 
duced, and  gives  life  of  1000  hrs.  At  middle  voltage  more  energy 
is  consumed  per  candle-power  produced  and  the  life  is  length- 
ened (due  to  operation  at  a  loAver  temperature )  to  1300  hrs.  At 
bottom  voltage  the  lamp  is  operating  at  the  lowest  efficiency 
and  gives  a  life  of  1700  hrs.  It  is  obvious  that  the  relative  cost 
of  lamp  and  energy  will  determine  the  most  economical  life  and 
efficiency,  since  if  energy  is  cheap  the  saving  in  energy  obtained 
by  operating  the  lamp  at  high  efficiency  is  not  sufficient  to  coun- 
ter-balance the  higher  resulting  renewal  expense.  On  the  other 
hand,  if  the  energy  is  relatively  expensive  then  it  will  be  de- 
sirable to  o]:)erate  the  lamp  at  a  h.igh  efficiency,  since  the  saving 
in  current  at  the  higher  rate  will  more  than  pay  for  the  increase 
in  renewal  expense. 

The  efficiency  of  the  different  sizes  of  lamps  at  top  voltage 
is  not  the  same,  since  the  larger  lamps  are  relatively  longer  lived 
than  the  smaller  ones,  and,  in  order  to  give  all  sizes  a  uniform 
life  of  1000  hrs.  at  top  voltage  it  was  necessary  to  operate  the 
25-watt.  lani])  at  1.33  w.p.c,  the  40-watt  at  1.25  w.p.c,  the  60- 
watt  at  100  and  l.^O-watt  at  1.20  w.p.c.  and  the  250-watt  and 
500-watt  at  1.1.^  w.p.c. 

This  three-voltage  ])lan  was  adopted  last  May  by  the  co- 
operative companies  of  the  National  Electric  Lamp  Association. 
Some  time  prior  to  this  the  word  "Mazda"  was  agreed  to  by  the 
companies  forming  the  National  Electric  Lamp  Association  along 
with  others  as  a  word  which  will  accompany  the  highest  effici- 
ency lamp  that  is  made.  At  the  present  time  the  "Mazda"  lamp 
is  composed  of  tungsten  filaments  or  some  at  present  unknown 
filament  which  would  result  in  a  lamp  (^f  higher  efficiency  than 
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the  present  tungsten  filament  lamp,  it  would  be  the  "Mazda." 
"^lazda,"  therefore,  is  the  hall-mark  of  quality  and  progress  in 
high  efficiency  metal  filament  lamp  manufacture,  or  the  seal  of 
the  world-wide  co-operative  eft'ort  to  produce  the  best. 

A  great  many  people  seem  to  think  that  illuminating  en- 
gineering and  the  different  phases  of  work  in  connection  there- 
with is  narrow\  but  the  "^Nlazda"  lamp  and  its  importance  from 
an  invention  standpoint  shows  the  broad  field  there  is  for  the 
illuminating  engineer. 

To  show  its  real  value,  let  us  consider  a  steam  turbine,  elec- 
tric system  and  note  the  great  loss  in  conversion  of  energy  from 
coal  to  light. 

From  Fig.  25,  w^e  start  with  coal  containing  100  per  cent, 
energy.     Consider  boilers  working  at  an  efficiency  of  70  per  cent. 


C  =  '00  7. 


\.L  amps. 


Chorf  of  /'Ae  Conyersfon  of  Energy  fra/»  Co  a/  to  L/pAf 
/'n  a  Steo/T?  -  Turh/ne,E /eet^/c  Sysfff/n 


Oraro//    Coftye f 3t 


1/  to  Lty/it,    C  arian  Z  omps  =  0./S'/„ 


Fig.  25. 

we  have  70  per  cent,  going  as  useful  energy  to  the  turbines  and 
30  per  cent,  wasted  as  heat  loss.  Turbines  at  an  efficiency  of 
20  per  cent.,  wx  have  14  per  cent,  going  to  generations  and  56 
per  cent,  wasted  in  overcoming  mechanical  resistance  and  heat 
loss.  Generations  at  the  efficiency  of  93  per  cent.,  we  have  13 
per  cent,  going  to  the  distributing  system  and  3  per  cent,  wasted. 
Distributing  system  7"/  per  cent,  efficient,  we  have  70  per  cent, 
going  to  the  lamps  and  1  per  cent,  wasted.  Lamps  90  per  cent, 
efficient,  we  have  9  per  cent,  of  the  100  per  cent,  started  with, 
as  radiant  heat  and  light  therefore  we  have  only  18  per  cent,  of 
what  we  started  with  "a  light  when  carbon  lamps  are  used.  Now- 
let  us  substitute  '"Mazda"  lamps,  and,  considering  their  relative 
effi<:iencies   as   carbon,   3.1   w.p.c   and   '-Mazda"'    1.25   w.p.c,  we 
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would  have  45  per  cent,  instead  of  18  per  cent.  This  remark- 
able triumph  in  the  science  of  light  can  be  further  shown  by 
imagining  an  almost  impossible  accomplishment,  that  is  the 
invention  of  a  turbine  working  at  an  efficiency  of  50  per  cent. 
Now.  if  such  were  the  case,  3  per  cent,  of  the  original  energy 
would  go  to  the  generators  instead  of  14  per  cent,  and  consider- 
ing the  rest  of  the  system  the  same  as  before  there  would  be 
32';^5  per  cent,  available  for  the  distributing  plant  and  25  per  cent, 
would  be  radiant  heat  and  light;  we  have  45  per  cent,  of  the 
original  100  per  cent,  available  for  light  when  carbon  lamps  are 
used.  Among  mechanical  engineers  it  is  hardly  expected  that  the 
existing  efficiencies  in  machines  will  improve  to  a  very  great 
extent,"therefore,  the  "^lazda"  lamp  is  equivalent  to  an  imagin- 
ary turbine  of  50  per  cent,  efficiency  and  consequently  opens  a 
new  field  in  the  realms  of  engineering,  and  when  we  look  back 
and  find  the  carbon  lamp  has  been  improved  from  6.5  w.p.c.  to 
2.5  w.p.c.  in  the  Gem  (which  is  an  improved  carbon  filament), 
it  is  hard  for  one  with  a  most  vivid  imagination  to  forecast  its 
future  when  it  starts  at  excellent  efficiency  of  1.25  w.p.c. 


The  following  table  shows  comparative  costs  for  obtaining  80  candle  power 
from  Carbon,  Gem,  Tantalum  and  "Mazda"  lamps.  At  the  present  electric 
power  rates,  a  large  saving  is  noted  in  favor  of  "Mazda"  lamps.  At  a  power 
rate  of  loc  per  kilowatt  hour  the  cost  for  80  candle  power  of  "iMazda"  light  for 
1000  hours  burning  (which  includes  the  lamp  cost)  is  about  three  sevenths  of  the 
actual  cost  of  power  alone  for  equal  candle  power  from  carbon  lamps  of  3.5  w.  p.  c. 
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The    foregoing^    table    shows    comparative    costs  for  obtaining 

80  candle-power  from  Carbon,  Gem,  Tantalum  and  "Mazda"' 
lamps.  At  the  present  electric  power  rates,  a  large  saving  is 
noted  in  favor  of  "Alazda"  lamps.  At  a  power  rate  of  10  cents 
per  kilowatt  hour  the  cost  for  80  candle-power  of  "Mazda"  light 
for  1000  hours'  burning  (which  includes  the  lamp  cost)  is  about 
three-sevenths  of  the  actual  cost  of  power  alone  for  equal  candle- 
power  from  carbon  lamps  of  3.5  w.p.c. 

The  chief  objection  to  the  tungsten  filament  lamp  is  its 
fragile  nature,  but  this  is  certain  to  be  overcome  when  we  notice 
the  same  objections  were  made  about  the  carbon  lamp  about 
fifteen  years  ago.  I  feel  safe  in  predicting  a  much  higher  effici- 
ency for  the  "Mazda"  lamp  and  a  perfecting  of  the  strength  of 
the  filament  to  stand  any  reasonable  amount  of  jar  and  rough 
usage. 


DRY  CELLS. 

SAUL   DUSHMAN,    B.A. 

At  a  meeting  of  the  American  Electro-Chemical  Society  in 
October,  1909,  the  following-  remarks  were  made  by  President 
Baekeland: 

"The  dry  cell,  modest  as  it  may  appear  as  a  unit,  forms  the 
base  of  a  more  important  industry  than  most  of  us  imagine. 
The  number  of  dry  cells  consumed  yearly  can  be  counted  by 
millions,  the  industry  is  more  important  than  many  electro- 
chemical industries  of  which  we  hear  much  more  in  our  meet- 
ings, and  read  more  in  print.  It  so  happens,  at  the  same  time, 
that  it  is  one  of  the  subjects  on  which  a  very  large  amount  of 
misinformation  is  abroad,  misinformation  sometimes  sent  out 
purposely,  but  most  of  the  time  involuntarily  through  pure 
ignorance.  It  is  almost  impossible  to  tell  beforehand  whether 
a  dry  cell  is  good  or  not.  because  here  everything  goes  by  ex- 
perience. In  fact,  I  would  almost  say  that  the  test  of  a  dry  cell 
is  to  use  it  for  a  particular  purpose.  We  are  familiar  with  the 
phrase  'the  test  of  the  pudding  is  in  the  eating  of  it,'  but  the 
trouble  is  that  after  the  eating  of  the  pudding  there  is  none 
left." 

This  statement,  taken  together  with  the  fact  that  the  annual 
production  of  drv  cells  in  the  United  States  alone  is  well  over 
the  50,000,000  mark,  shows  the  importance  of  a  more  perfect 
knowledge  of  the  behavior  of  dry  cells  than  is  at  present  pos- 
sessed by  the  great  majority  of  users. 

Construction  of  Dry  Cells. 


the  so 


Probably  80  per  cent,  of  the  dry  cells  made  and  used  are  of 
so-called  No.  6  size,  about  6  inches  high  and  2.5  inches  m 
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diameter.  A  cylindrical  zinc  container,  insulated  externally  by 
cardboard,  acts  as  neg-ative  pole,  while  the  positive  consists  of 
a  carbon  rod  or  plate.  The  zinc  can  is  lined  with  "'an  insulating 
absorbent  layer,  which  serves  as  a  reservoir  for  electrolyte  and 
as  a  means  of  separating"  the  two  electrodes.  This  layer  is 
usuall}-  made  of  a  special  grade  of  pulpboard  manufactured  for 
the  purpose  under  conditions  that  prevent  the  presence  of  in- 
gredients harmful  to  the  cell."  The  filling  material  is  packed 
in  between  the  zinc  container  and  the  carbon  electrode.  A 
fairly  typical  filling-mixture  has  the  following  composition: 

10  parts  manganese  dioxide   (MnO,), 

10  parts  carbon  or  graphite, 
2  parts  sal  ammoniac  (NH^Cl), 
1   part  zinc  chloride   (ZnClg). 
^^'ater  is  added  to  make  a  heav}-  paste  and  to  produce  the  re- 
quisite electrolyte. 

Chemical  Reactions. 

\\  hen  the  cell  is  discharging  the  solution  of  ZnClg  and 
NH^Cl  is  decomposed  by  the  current;  the  chlorine  liberated  at 
the  anode  attacks  the  zinc  and  forms  more  ZnClj,  while  the 
hydrogen  gas  which  would  otherwise  dissolve  in  the  carbon  and 
produce  a  back  e.m.f.  is  "depolarized"  by  the  ^InOs-  The  latter 
is  reduced  in  this  process  to  a  manganous  salt.  The  increase  in 
the  total  amount  of  ZnCU  in  the  cell  as  well  as  the  decrease  in 
available  MnOg  lead  to  a  gradual  diminution  in  the  electromotive 
force  of  the  cell.  The  addition  of  the  ZnCL  to  the  filling  mixture 
■might  appear,  therefore,  to  be  a  questionable  procedure.  Never- 
theless, it  has  been  stated  that  this  addition  is  necessary. 

As  the  rate  of  the  chemical  reactions  at  the  electrodes  is  al- 
w^ays  proportional  to  the  rate  at  which  current  is  taken  out 
of  the  cell  (Faraday's  Law)  it  is  readily  seen  that  fresh  chemi- 
cals must  continually  replace  those  used  up  at  the  immediate 
surfaces  of  the  electrodes. 

If  current  is  drawn  out  of  the  cell  at  a  rate  greater  than  that 
at  which  the  fresh  chemicals  can  diituse  in  towards  the  elec- 
trodes, the  electromotive  force  begins  to  drop  very  rapidly,  and 
the  cell  is  said  to  be  "polarized."  It  follows  that  the  larger  the 
surface  of  the  zinc  and  the  more  finely  pulverized  the  manganese- 
dioxide  carbon  mixture,  the  greater  the  current  that  may  be  taken 
out  of  the  cell  without  polarizing  it.  Furthermore,  the  more 
homogeneous  the  mixture,  the  more  rapidly  the  cell  will  re- 
cover from  the  effects  of  heavy  currents. 

Voltage  and  Capacity. 

The  oj^cn-circuit  voltage  varies  in  different  types  from  1.5 
to  1.6  volts,  and  is  on  the  average   1.56  volts.     The  electrical 
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energy  output  varies  greatly  with  the  manner  in  which  the  cell 
is  used.  When  short-circuited  an  average  cell  will  give  from 
18  to  2i  amperes,  falling  at  the  end  of  one  hour  to  10  amps,  at 
about  0.5  volt.  It  is,  however,  a  serious  mistake  to  consider  this 
short-circuit  current  a  measure  of  the  value  of  a  cell.  As  a  imat- 
ter  of  fact  it  often  happens  that  cells  which  give  a  high  short- 
circuit  current  fail  badly  when  tested  by  the  standard  of  ser- 
vice-capacity, that  is,  by  the  number  of  ampere-hours  delivered 
when  the  cell  is  discharged  through  a  resistance  of  16  ohms.  The 
following  table,  taken  from  Ordway's  paper,  illustrates  this 
point : 

TABLE  I. 
Short-circuit  Current  and  Service  Capacity  of  Dry  Cells. 

Brand  of  Cell.  Short-circuit  Current.  Service  Capacity. 

A  33.0  24.0 

B  29.5  46.0 

D  24.5  33.5 

G  22.5  40.0 

J  20.9  18.2 

L  20.2  36.0 

Q  19.2  38.6 

S  18.2  27.1 

W  9.7  16.0 

An  important  fact  about  dry  cells  is  that  the  service- 
capacity,  as  well  as  the  short-circuit  current,  drops  even  when 
the  cell  is  standing  on  open  circuit.  This  drop  in  the  short- 
circuit  current  is  known  as  the  "shelf-life"  in  the  trade,  and 
although  in  itself  the  short-circuit  current  may  be  of  no  value 
as  a  measure  of  the  eflficiency  of  the  cell,  yet  a  considerable  vari- 
ation in  this  current  given  by  an  old  cell  and  that  given  by  a 
new  cell  is  a  sure  indication  of  a  serious  fault  in  the  mechanical 
construction  of  the  cell. 

The  energy  output  of  a  dry  cell  depends  upon  the  conditions 
under  which  the  cell  is  discharged.  The  discharge  may  be  either 
continuous  or  intermittent,  and  in  the  usual  case  it  occurs 
through  a  constant  resistance.  The  following  table,  also  taken 
from  Ordway's  comprehensive  paper,  represents  typical  results 
obtained  at  the  Research  Laboratory  of  the  National  Carbon  Co., 
Cleveland : 

TABLE  II. 
Watt  Hours  from  No.  6  Dry  Cells  Discharged  Continuously. 


End  Point 

Resistance  used  in 

Ohms. 

in  Volts. 

2 

4 

8 

16 

24 

A  2 

4C 

1.2 

3.7 

4.3 

8.1 

15.2 

18.8 

21.7 

23.8 

1.0 

6.7 

13.0 

16.5 

26.9 

33.4 

39.8 

42.0 

0.8 

9.7 

16.3 

21.5 

32.8 

40.3 

44.6 

50.6 

0.6 

12.5 

19.4 

26.6 

48.9 

49.5 

52.7 

53 . 2 

0.4 

15.4 

27.3 

3^.1 

52.6 

54.3 

58. 2 

54.  H 

0.2 

19.8 

32.6 

41.5 

53.3 

55.2 

59.3 

57.1 
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F.  H.  Loveridge  gives  the  following  values  of  the  energy 
output  of  dry  cells  discharged  to  0.5  volt : 

With    1    ohm 7  watt  hours 

With  2  ohms 8  watt  hours 

With  4  ohms 14  watt  hours 

With  6  ohms 21  watt  hours 

With  10  ohms 24  watt  hours 

When  discharged  intermittently  through  the  same  resist- 
ances, the  cell  gives  a  longer  actual  service  as  long  as  the  volt- 
age does  not  diminish  to  less  than  one-third  its  original  value. 
After  this  stage  is  attained  the  cell  can  be  operated  more  effi- 
ciently on  a  continuous  discharge. 

C.  F.  Burgess  carried  out  a  large  number  of  tests  with  dry 
cells  obtained  from  eleven  dififerent  imanufacturers.  The  num- 
ber of  watt  hours  delivered  by  the  cells  on  intermittent  service 
varied  from  58.4  to  3.3,  and  the  initial  resistance  from  0.68  to 
0.17  ohm.  Burgess  states  that  a  good  dry  cell,  when  used  on 
intermittent  service  should  deliver  2.27  watt  hours  per  cubic 
inch  contents,  and  should  have  a  resistance  not  greater  than 
0.3  ohm. 

The  Effect  of  Temperature. 

While  the  effect  of  increased  temperature  on  the  electromo- 
tive force  of  a  dry  cell  is  only  slight,  the  effect  on  the  shelf  life 
is  very  deleterious.  Cells  which  initially  give  a  short-circuited 
current  of  20  amperes  will  indicate  a  current  of  less  than  1 
ampere  when  stored  for  several  months  at  a  temperature  of 
50°  C,  while  the  same  cells  stored  for  an  equal  length  of  time  at 
ordinary  temperature  will  indicate  18  or  19  amperes.  This 
accounts  for  the  advice  of  manufacturers  that  dealers  and  users 
store  their  cells  in  a  cool  place. 

"  The  service  capacity  of  dry  cells  may  be  either  increased 
or  decreased  by  raising  the  temperature  according  to  the  condi- 
tions under  which  the  cells  are  tested.  In  general,  more  service 
of  a  severe  nature  will  be  obtained  if  the  cells  be  moderately 
warmed,  while  with  very  light  service  it  is  advantageous  to  keep 
the  cells  cool.  It  is  dangerous,  under  any  circumstances,  to  use 
dry  cells  at  temperature  much  above  50°C." 

Testing  of  Dry  Cells. 

The  object  of  a  test  is  to  determine  the  value  of  any  piece 
of  apparatus  or  material  for  a  certain  specific  purpose.  Such  a 
test  may  be  either  comparative  or  absolute.  In  the  case  of  the 
dry  cell  the  first  test  to  be  api^lied  was  the  measurement  of  the 
short-circuit  current.  At  the  best  this  could  only  be  a  compara- 
tive test ;  but,  as  pointed  out  above,  the  conclusions  to  be  drawn 
from  it  are  useless  as  regards  the    service    capacity.     The  con- 


DRY  CELLS.  135 

tinuous  resistance  test  was  therefore  tried  next.  It  was  soon 
found,  however,  that  here  again  the  conclusions  of  such  tests 
were  not  applicable  to  conditions  in  actual  practice.  While  one 
cell  may  be  superior  to  another  when  discharged  continuously, 
yet  the  reverse  may  be  the  case  when  both  cells  are  tried  on  the 
same  ignition  arrangement.  Or  two  cells  may  show  equal  energy 
output  on  continuous  discharge,  but  be  unequally  efficient  when 
used  on  telephone  service.  Now  the  question  which  obviously 
interests  the  consumer  is  not  the  amount  of  energy  which  the 
cell  is  capable  of  delivering  under  certain  standard  conditions, 
but  the  actual  hours  of  service  that  he  may  expect  to  obtain 
when  operating  a  definite  piece  of  apparatus  under  definite  con- 
ditions with  the  given  cell.  The  conclusion,  therefore,  at  which 
both  manufacturers  and  consumers  have  arrived  is  to  devise 
tests  that  shall  duplicate  as  nearly  as  possible  the  conditions 
under  which  the  cells  are  to  be  used,  thus  making  it  possible  to 
obtain  data  by  which  the  cells  can  be  rated  for  a  given  service. 

As  the  two  main  uses  of  dry  cells  are  for  telephone  and 
ignition  service,  we  shall  briefly  review  the  nature  of  the  tests 
which  have  been  elaborated  to  determine  the  value  of  a  dry  cell 
for  either  purpose. 

(1)  Telephone  Service. 

"  To  represent  as  nearly  as  possible  average  telephone  ser- 
vice, two  or  three  dry  cells  should  be  connected  in  series  through 
about  15  ohms  for  as  many  periods  each  day  as  there  are  calls  on 
an  average  telephone,  each  period  being  the  length  of  an  aver- 
age telephone  conversation,  and  the  cut-off  point  being  taken  as 
the  lowest  working  voltage  that  will  give  satisfactory  service." 

A  simple  test  may  be  carried  out  as  follows:  Three  cells  in 
series  are  discharged  through  20  ohms  resistance  for  two  min- 
utes per  hour,  24  hours  per  day,  until  the  working  voltage  (taken 
just  before  the  end  of  a  contact)  decreases  to  2.8  volts.  The  test 
may  be  varied  by  discharging  three  cells  in  series  through  15  or 
20  ohms  for  four  minutes  i)er  hour,  10  hours  per  day,  until  the 
same  voltage  is  attained. 

(2)  Ignition  Service. 

"  In  the  usual  type  of  ignition  apparatus  the  battery  current 
passes  through  the  primary  of  an  induction  coil  at  the  right 
instant  in  the  engine's  cycle,  and  by  means  of  a  vibrator  is  made 
to  rise  and  fall  very  rapidly,  thus  producing  pulsations  of  very 
high  voltage  in  the  secondary,  and  a  series  of  sparks  at  the  spark 
plug  whicii  ignites  the  exjilosive  mixture  in  the  engine  cylinder. 
The  primarv  of  the  average  induction  coil  has  a  resistance  of 
about  0.5  ohm,  and  if  the  circuit  through  the  coil  were  to  be 
closed  indefinitely  the  current  would  rise  to  from  12  to  16 
amperes,   depending  on   the   voltage  of  the  battery   used.     The 
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action  of  the  \i])rat()r  is  so  ra])icl.  however,  that  the  current  does 
not  have  time  to  l)uil(l  up  to  its  maximum  value,  and  the  actual 
initial  impulse  rises  to  only  three  or  four  amperes."  Tests  in 
which  actual  induction  coils  were  used  have  been  found  to  be 
useless  owing  to  the  fact  that  it  is  almost  impossible  to  keep  the 
coil  in  permanent  adjustment.  The  following  is  given  by  Ord- 
way  as  a  standard  test  for  ignition-cells:  "Six  cells  in  series 
are  discharged  through  16  ohms  resistance  for  two  hours  ])er 
day,  one  hour  in  the  morning  and  one  hour  in  the  afternoon. 
About  twice  a  week  the  cells  are  short  circuited  through  a  half- 
ohm  coil  for  a  few  seconds,  and  the  current  flowing  is  noted. 
When  this  current  flowing,  or  impulse,  reaches  four  amperes,  the 
battery  is  removed  from  the  test,  and  the  life  of  the  battery  is 
reported  as  the  hours  of  service  given  under  the  al)ove  conditions 
to  four  amperes  impulse  through  a  half-ohm  coil.  A  modern  drv 
cell  of  good  quality  will  give  30  hours  of  service  on  this  test  at 
ordinary  room  temperature  of,  say,  22  to  24°  Centigrade."" 

Conclusion. 

It  is  evident  from  the  above  remarks  that  there  is  no  single 
test  which  the  manufacturer  or  consumer  can  apph-  to  a  drv  cell 
to  indicate  quickly  and  simply  its  value.  Each  application 
requires  special  standards  of  its  own.  and  it  is  not  at  all  reason- 
able to  expect  that  the  same  ty]:)e  of  cell  will  fulfil  the  require- 
ments of  dift'erent  users. 
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ARCHITECTURAL  DESIGN. 

The  illustrations  used  in  this  article  are  intended  to  repre- 
sent the  work  done  by  the  different  classes  in  the  Department 
of  Architecture  of  the  Faculty  of  Applied  Science.  Some  prob- 
lems are  given  to  illustrate  the  nature  of  the  requirements,  and 
the  wide  scope  for  the  students"  original  ideas. 

The  department  is  in  the  charge  of  J\Jr.  A.  \\\  ]\IcConnell, 
who  is  a  graduate  of  this  department  of  the  University,  being  a 
member  of  the  class  of  '06.  Mr.  JMcConnell  has  further  spent 
several  years  studying  design  in  Paris  and  has  brought  back 
with  him  a  thorough  knowledge  of  the  methods  of  teaching  de- 
sign as  practised  in  the  Atelier  de  M.  Gromort. 

A  large  number  of  the  leading  architects  of  this  and  other 
cities  have  visited  the  Department  of  Architecture  during  the 
present  session  and  have  expressed  unanimously  their  approval 
of  the  work  done  by  the  students  in  this  department.  Those 
who  are  in  the  position  to  know,  com])are  favorably  the  work  in 
Toronto  University  with  that  of  similar  departments  of  Ameri- 
can universities. 

Applied  Science  understands  the  encouragement  that  such 
appreciation  has  for  the  students  in  architecture,  and  hopes  other 
members  of  the  profession  will  pay  visits  of  inspection  to  their 
studios  in  the  Engineering  Building. 

Following  is  a  list  of  problems  that  are  t}'pical  of  those  com- 
prising the  course: — 

First  Year  Problems. 

I.  .^urvey  of  lUiilding. 

The  student  is  asked  to  make  measurements  of  a  liuilding  or 
part  of  a  building  in  his  regular  course  of  surveying  and  repre- 
sent the  same  in  plan,  section  and  elevation  in  his  studio.  (See 
Plates  II.  and  III.) 

II.  Orders  of  Architecture. 

Arrangement  of  plates  in  it,  using  the  various  orders  of  archi- 
tecture. "(See  Plates  IV.  V.  and  Yl.) 

Second  Year  Problems. 

I.  Porch  for  City  Residence. 

(See  Plate  VII.) 

II.  A  Small  Public  Library. 

The  student  is  asked  to  make  sketch  plans  in  the  class-room, 
and  to  work  out  the  problem  in  plan,  section  and  elevation  in  the 
studio,  developing  his  original  idea.  (See  Plate  VIIT.) 
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Third  Year  Problems, 

I.  A  Dispensary  for  Children. 

(See  Plate  IX.) 

II.  A  Railway  Station  for  Suburban  Line. 

This  l)uilding  is  to  be  erected  in  a  suburb  of  a  large  cit}^ 
facing  a  bridge  over  a  viaduct  on  a  busy  thoroughfare.  The  line 
passes  25  feet  below  the  street  level.  The  building  will  not  ex- 
ceed 80  feet  frontage. 

The  following  accommodation  is  retjuired: — 

(a)  Large  hall. 

(1))  Two  ticket  offices. 

(c)  Station  master. 

(d)  Baggage  rooms  with  elevators  for  both  lines. 

(e)  Newspapers,  etc. 

(See  Plate  X.) 

III.  A  Small  City  Hall. 
(See  Plate  XT.) 

]\'.     Music  Hall. 

This  l)uilding  is  to  be  erected  in  a  public  park  in  a  city  of 
40,000.  The  front  elevation  is  not  to  exceed  80  feet  in  length. 
Concerts  will  be  given  day  and  night. 

Required — 

(a)  A^estibule  with  ticket  offices. 

(b)  Porticos,  also  to  be  used  as  a  shelter  for  the  people 

in  the  park. 

(c)  Auditorium  with  seating  space  for  400. 

(d)  J~^tage  for  50  musicians. 

(e)  Library  for  music. 

(f)  Lob])y  for  artists. 

(g)  W.  C,  etc. 
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1*1, ATI',  111. 

Measured  Drawing  by  R.  8.  McConiiell,  'lo. 

(See  First  Year  I'rolileiii  I.) 
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I'LATI-:  V. 

Designed  by  R  S.  IMcOonnell,  'Vx 

(See  First  Year  Problem  II.) 
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PLATE  VI. 

Designed  by  R.  S.  McConnell,  "1.?. 

iSce  Kirst  Year  I'rolilciii  II.  i 
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Porch  for  Citv   Residence. 


I'LATlv  VII. 
Desi-iued  l»v  ii.  II.  Ma.lill.  '11. 
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A  Railway  vSlalion  for  Suburban  Line. 

PLATE  X. 

Designed  by  IL   H.   MadiU.  'U. 

(See  Third  Year  Problem  II. 
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A  SiiKill  City   Hall. 

I'LATlv  XI. 

Designed    l)y     T.     L.     Rowe. 
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PLATE  XII.     Music  Hall. 

Designed    by    J.   B.   K.    Fisken. 

(.See  Third  Year  Problem  IV.) 
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I'LATK  XI\'.  A  C.olhic  Church. 

Designed  l)y  J.  I'..  K.  Fisken. 
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IM.All-:   XV.  A  (-.olhic  Church. 

Desiiiuol  l)v  I.   11.   K.   I'iskeii. 


THE  ENGINEERING  SOCIETY  DINNER 

The  twenty-second  annual  banquet  of  the  Engineering 
Society  has  been  added  to  its  list  of  predecessors  as  a  success 
from  every  point  of  view,  and  the  executive  upon  whose  should- 
ers the  responsibility  was  placed  are  reaping  a  reward  of  praise 
for  their  untiring  efforts. 

To  undergraduates  the  dinner  has  been  a  yearly  opportunity 
to  assemble  as  one  of  the  strongest  organizations  of  its  kind,  to 
meet  the  graduates  of  previous  years,  and  to  listen  to  men  who, 
as  statesmen,  are  at  home  when  in  the  midst  of  plans  and  con- 
ceptions for  the  material  betterment  of  Canada ;  and  who 
endeavor  to  impress  upon  the  undergraduates  that  it  is  they,  as 
engineers,  in  whose  hands  the  carrying  out  of  these  plans  will  be 
placed. 

To  graduates,  the  banquet  is  a  reunion,  a  rendezvous  of  old 
classmates  and  instructors,  and  the  founding  of  an  acquaintance 
with  those  who  are  preparing  to  assist  them  in  the  building  of 
productive  transportation  and  commercial  economy,  and  in  the 
managing  of  material  aft'airs  in  general. 

To  those  who  come  as  the  guests  for  the  evening,  the  din- 
ner gives  an  idea  of  the  magnitude  of  this  Faculty  of  the  Uni- 
versity, of  the  student  "  esprit  de  corps  '"  that  is  so  necessary  to 
its  advancement,  and  of  the  forces  behind  it  all,  the  forces  to 
which  many  of  the  most  successful  engineers  in  America  claim 
they  owe  a  great  deal  and  feel  proud  of.  and  on  which  the  student 
to-dav  relies  so  much. 

What  is  being  accomplished  in  the  Faculty  of  Applied 
Science  and  Engineering  has  been  regrettabl}^  unknown  to  the 
majority  of  statesmen,  unless  they  happen  to  be  engineers,  or 
have  been  in  contact  with  the  graduates.  But  the  methods 
employed,  the  equipment  used,  and  the  needs  of  both  these 
factors,  to  operate  on  the  ever-increasing  scale  cannot  be  brought 
'to  their  attention  unless  they  become  interested  in  the  profession 
of  engineering  in  general.  The  annual  banquet  of  the  Engineer- 
ing Society  accomplishes  a  very  great  deal  toward  this  end. 

Upwards  of  six  hundred  were  present  on  the  evening  of  Jan- 
uarv  Vhh  in  Convocation  Hall.  Mr.  A.  D.  Campbell,  the  Presi- 
dent of  the  Society,  officiated  as  toastmaster.  In  welcoming  the 
members  of  the  Toronto  Board  of  Trade  as  guests  of  the  evening 
he  dwelt  briefly  upon  the  fact  that  some  of  their  interests  ran 
along  the  same  or  parallel  lines  with  many  of  our  own  future 
inter'ests.  He  extended  to  all,  on  behalf  of  the  Faculty  and  its 
students,  an  invitation  to  visit  our  buildings  and  equipment,  and 
to  studv  what  is  here  being  accom])lished  for  and  by  young  men. 
:\Ir.  L.  E.  Jones.  '11.  was  called  upon  to  propose  the  toast  to 
•Canada."  and  cou])led  with    it    the    names    of    Dr.  Robertson. 
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Chairman  of  the  Royal  Commission  on  Technical  Education,  and 
Major  Leonard,  of  the  Board  of  Governors.  In  reply  Dr.  Rob- 
ertson spoke  as  follows: 

Dr.  Robertson. 

^Ir.  President,  Dr.  F'alconer  and  Gentlemen, — I  thank  you. 
on  behalf  of  the  Royal  Commission  on  Industrial  Training  and 
Technical  Education,  for  the  honor  and  pleasure  of  being  one  of 
3'our  guests  to-night  and,  for  myself,  for  the  honor  and  privilege 
of  speaking  briefly  to  the  students  in  the  Faculty  of  Applied 
Science  in  such  a  great  institution  as  the  University  of  Toronto. 

Canada  is  becoming  a  great  country,  w^hile  still  a  compara- 
tively young  country.  We  older  men  like  to  be  associated  with 
youth.  That  helps  to  keep  us  young  in  outlook  and  in  faith. 
The  young  in  heart,  the  clear  in  mind  with  trained  abilities  and 
spirits  animated  by  goodwill,  are  needed  for  the  upbuilding  of 
Canada.  Here  you  have  a  good  place  for  training.  Teaching- 
is  not  the  whole  of  training,  and  telling  is  only  a  small  part  of 
teaching.  The  other  day  in  New  York  I  had  a  talk  with  two 
men  eminent  for  their  labors  and  gifts  towards  the  improvement 
of  technical  and  professional  education.  Referring  to  the  recent 
bulletin  issued  by  the  Carnegie  foundation  it  was  confirmed  that 
the  University  of  Toronto  stands  in  the  very  front  in  its  physics 
and  engineering  departments,  and  that  its  splendid  equipment 
was  cared  for  and  used  with  an  efficiency  not  surpassed  by  any 
other  institution  which  prepares  men  for  the  profession  of  en- 
gineers. Canada  is  a  big  place  with  great  possibilities.  It  needs 
big  men  trained  to  cope  with  them  and  make  the  most  of  them 
for  the  benefit  of  all  the  people.  The  big  tasks  cannot  be  under- 
taken with  hope  of  good  results  unless  men  and  women  of  na- 
tive talent  are  trained  for  the  work." 

In  referring  to  the  enormous  extent  of  Canada  and  its  vast, 
varied  and  valuable  natural  resources,  Dr.  Robertson  said  that 
conservation  of  resources  does  not  mean  keeping  them  out  of 
use.  It  calls  for  their  development  by  the  application  of  scien- 
tific methods  directed  by  capable  men.  That  makes  it  possible 
not  merely  to  pass  on  to  our  successors  the  natural  resources 
unimpaired  and  undiminished  by  waste,  but  actually  improved 
and  extended  by  intelligent  management.  Competent  engineers 
are  needed  -more  and  more  for  all  that. 

Dr.  Robertson  gave  an  outline  of  the  work  of  the  Com- 
mission on  Industrial  Education.  Its  mission  was  to  enquire, 
to  gather  information,  and  not  to  propose  policies  or  advocate 
systems.  In  its  survey  of  Canada  it  had  already  heard  the  testi- 
mony of  some  thirteen  hundred  men  and  women  ;  it  had  among 
its  witnesses  such  men  as  Dr.  Falconer,  the  honored  and  beloved 
President  of  the  University,  and  also  men  and  women  who  work- 
ed  at   benches   and   on   machines   for   dailv   wages.      There  was 
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aoreement  in  the  desire  expressed  from  all  sides  that  Canadians 
should  be  industrially  efifiicient ;  and  efficient  for  all  the  duties 
which  came  to  them  as  workers,  as  citizens,  and  as  men  and 
women.  Trained  leaders  are  no  less  required  than  skilful  work- 
ers. Intelligence,  practical  ability  and  goodwill,  are  needed  all 
through  the  population,  in  the  ranks  with  the  staff  and  most  of 
all  at  "headquarters." 

After  referring  to  the  production  of  wealth  from  natural  re- 
sources by  farming,  mining,  fishing,  lumbering  and  manufactur- 
ing. Dr.  Robertson  spoke  of  the  essential  partnerships  which 
exist  between  the  dieffrent  localities  and  provinces  of  the  Dom- 
inion. 'A\'e  have  seen  nothing  in  our  survey  of  this  country 
which  indicated  that  the  progress  and  prosperity  of  any  locality 


Dr.  T.  W.  Robertson. 


was  made  to  the  injury  of  the  others.  We  are  partners  as 
jirovinces  and  partners  in  serving  Canada  in  the  various  occupa- 
tions which  we  follow.  Men  on  the  football  field  strive  for  the 
supremacy,  for  winning  in  the  game.  But  metnbers  of  competing 
teams  are  not  hostile  to  each  other.  They  are  friends  and  sup- 
porters of  the  game.  Team  play  is  the  best  play  for  the  in- 
dividual as  well  as  for  the  team.  In  the  national  game  of  play- 
ing for  the  greatness  and  goodness  of  Canada  among  the  nations 
the  same  holds  good.  We  must  inspire  the  newcomers,  the 
stream  of  foreign  blood  pouring  into  our  citizenship,  with  the 
same  spirit.  They  are  not  only  among  us,  they  are  of  us.  Our 
safety  and  their  welfare  are  not  to  be  ensured  by  aloofness  or 
separations  or  disparagements,  but  by  helping  them  up  to  our 
standards  of  fair  ]ilay,  by  playing  the  game  that  way  ourselves. 
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Particularly  by  means  of  education  we  must  bring  them  up  to 
our  plane  and  aim  higher  ourselves.  We  must  teach  them  to 
love  and  serve  Canada,  and  exam]:)le  is  here  stronger  than  pre- 
cept. You  young  men  particularl}-.  who  are  among  the  elect 
in  opportunity,  as  shown  by  your  attendance  at  this  University, 
must  set  an  example  of  clean  living  and  clear  thinking,  and  hard 
work  with  good  will.  Thus,  you  can  extend  the.  blessings  of 
your  heritage  of  blood  and  opportunity  for  the  glory  of  Canada, 
and  the  good  of  your  fellow-citizens  throughout  the  whole  land." 

Major  Leonard  spoke  briefly,  basing  his  remarks  upon  the 
amazing  advance  Canada  has  made  during  the  past  decade.  He 
emphasized  Dr.  Robertson's  advice  to  undergraduates  to  en- 
deavor to  realize  the  responsibilit}^  that  rested  with  them. 

"Our  engineers  must  be  trained  for  the  work  they  must  do. 
They  must  be  trained  to  meet  the  problems  of  transportation,  for 
instance.  We  already  have  great  railroads  and  canals.  W^e  are 
building  greater  railroads  and  greater  canals. 

"  The  passing  generations  have  called  to  our  country  many 
aliens  who  are  now  living  here  with  us.  The  coming  generation 
of  engineers  wall  employ  many  of  these  aliens,  and  you  men 
must  bring  their  ideals  up  to  the  high  plane  of  your  own.  Your 
duties  are  greater  than  the  duties  of  those  who  have  built  the 
great  railroads  and  canals,  and  brought  these  aliens  into  our 
country.  Many  of  these  men  have  come  from  parts  of  Europe 
where  they  know  nothing  of  responsibility  to  government  such 
as  we  know.     It  is  for  you  to  uplift  their  ideals. 

"  I  was  very  glad  to  hear  Mr.  [ones  refer  to  military  train- 
ing, and  of  the  manner  in  which  the  sentiment  was  received. 
There  is  no  place  where  one  can  acquire  executive  ability  better 
than  in  militarv  training,  the  training  whereby  a  handful  of  men, 
such  as  our  Mounted  Police,  can  maintain  law  and  order  in  such 
a  vast  territorv  as  our  Northwest,  or  the  ])reserving  of  order  in 
India,  where  a  few  British  troops  are  surrounded  by  hordes  of 
semi-hostile  people.  Such  things  are  possible  only  by  discipline, 
the  discipline  which  is  maintained  throughout  the  entire  British 
army  and  navy.  This  is  the  best  school  to  teach  it,  and  it  will 
be  of  service  to  you  throughout  your  whole  life." 

Mr.  R.  A.  Sara,  '09,  then  proposed  the  toast.  "Canadian  In- 
dustries," and  Mr.  R.  S.  Gourlay,  the  President  of  the  Toronto 
Board  of  Trade,  was  called  u])on  to  repl}-  to  this  toast. 

Mr.  R.  S.  Gourlay. 

"You  have  asked  me  to  respond  to  the  toast  of 
'Canadian  Industries.'  and  at  the  outset  I  would  compli- 
ment you  on  the  term  used.  It  is  not  as  we  hear  it  so  frequently 
in  tariff  discussions.  '  a  few  manufacturers.'  but  Canadian  Indu.-^- 
tries,  which  cover  an  area  from  the  Atlantic  to  the  Pacific,  which 
I  cannot  illustrate  better  than  to  give  you  a  jiicture  of  my  cxi^eri- 
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ences  last  summer  in  Kelowna,  B.C..  where  the  hrst  manufactur- 
ing plant  was  started  last  year  by  a  man  w  ho  had  hitherto  been 
simi)ly  a  grower,  and  also  a  little  village  of  125  inhabitants  on 
the  Digby  Xeck.  X.S..  whicli  is  typical  of  the  whole  of  Canada. 
I  found  there  a  contented  happy  settlement,  its  people  engaged 
in  agriculture  and  fisheries,  and  the  product  of  the  fishery  being 
cured,  smoked  and  ])acked  for  the  market,  even  to  the  making 
of  the  cans,  whilst,  in  addition,  a  buyer  ])urchased  another  part 


Mr.  R.  S.  (K)urlav. 


of  the  lisliing  l)}-])roducl  for  the  export  to  the  L'nited  ."^tates  for 
manufacture  into  isinglass,  Ijecause  we  have,  as  }et,  no  manu- 
facture of  this  commodity  in  Canada. 

■■This,  I  say,  is  a  picture  of  the  whole  of  Canada.  During  the 
past  few  years  industries  have  and  are  being  established  every- 
where so  that  we  now  employ  in  Canada  some  44.^.000  peo])le  in 
these  industries,    and   if  we  allow  a  modest    estimate   for  th<^se 
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dependent  on  them  we  have  easily  a  million  people  who  are 
directly  supported  from  these  industries,  at  least  one-eighth  of 
our  pojiulation,  without  numbering  at  all  the  professional,  com- 
mercial and  transportation  classes,  who  also  derive  the  larger 
part  of  their  incomes  from  these  industries,  indirectlv  it  is  true, 
but  none  the  less  surely. 

"Another  thought  I  would  present  is  that  though  our  indus- 
tries are  making  progress,  the  output  last  year  being-  estimated 
at  a  billion  dollars,  yet  we  are  as  yet  only  on  the  highway  to 
being  an  industrial  nation,  as  our  customs  imports  show  us  that 
we  imported  some  $300,000,000  worth  of  manufactured  articles 
last  year,  much  of  which  is  sold  in  competition  with  the  same 
class  of  goods  made  in  Canada,  and  the  balance  because,  as  yet, 
we  have  not  entered  upon  their  manufacture. 

"  For  instance,  Canada  has  deposits  of  silica,  yet  we  make 
no  plate-glass,  no  window  glass  and  no  glass  blocks  for  cutting. 
Our  glass  manufactures  cover  only  a  fraction  of  our  importation 
and  are  confined  to  bottles,  fruit  jars,  chimneys,  globes,  and 
tumblers,  w^ith  practically  none  of  the  finer  glass  products. 

"  Again,  consider  our  immense  deposits  of  clay  everywhere, 
and  yet  beyond  building-  material  we  only  make  brick  and  the 
common  classes  of  tiles,  flower  pots,  and  earthenware,  nothing 
of  such  table  and  artistic  ware  as  we  use  every  day.  and  without 
which  our  homes  would  look  poverty  stricken  if  they  had  to  use 
only  made-in-Canada  clay  products. 

"Trulv  in  these  classes  of  industries  many  lines  have  not 
yet  reached  '  the  infant  stage,'  and  so  is  it  in  other  directions,  and 
there  is,  therefore,  much  room  for  you,  young  men,  who  are  to 
go  out  as  leaders  and  experts  in  industrial  life,  to  apply  your 
knowledge  and  see  that  we  make  even  more  rapid  i)rogress  in 
the  way  "to  becoming  a  fully  developed  industrial  nation. 

"  Still  another  thought — the  Government  statistics  indicate 
that  the  relation  in  Canada  between  workmen  and  master  is  more 
ideal  than  elsewhere,  in  the  matter  of  wages,  for  the  Govern- 
ment statistics  show  that  in  Canada  much  higher  wages  are  paid 
than  in  Great  Britain  and  Germany,  and  wages  fully  as  high  are 
paid  in  Canada  as  in  the  United  States,  where  by  the  use  of 
larger  plants  and  greater  development  in  specialization  the  out- 
put for  the  same  wage  is  from  20  to  25  per  cent,  greater  i)er  work- 
man. \\'hilst  a  still  further  indication  of  this  happy,  ideal  condi- 
tion between  the  master  and  men  is  revealed  in  the  Government 
labor  re])orts  as  to  strike  conditions.  Last  year  with  445,000 
workers  there  were,  small  and  great,  only  68  labor  disturbances, 
affecting  17,000  employees,  and  that  from  these  if  you  count  out 
12,500  employed  in  mining,  building  trades  and  transportation 
companies,  there  were  but  4,500  people  interested  in  all  indus- 
tries from  fishing  to  street  laborers,  who,  even  for  a  period  of  a 
dav  or  two  were  in  anv  labor    trouble,  just   1   per    cent,    of  the 
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working-  force,  a  record  such  as  cannot  be  found  in  any  other 
country  under  the  sun. 

■■  In  a  word,  you  are  entering  on  your  life  labor  at  a  time 
when  Canada  is  fairly  on  the  highway  to  being,  if  not  checked, 
a  fully  developed  industrial  nation,  with  conditions  that  are  at 
present  more  ideal  than  elsewhere,  when  between  master  and 
man  there  is  that  spirit  of  co-partnership  that  more  than  aught 
else  will  make  this  country  a  great  industrial  nation. 

"  It  is  for  you,  young  men,  to  rightly  apprehend  and  culti- 
vate this  spirit,  that  combined  with  your  skill  in  specialization 
and  expert  trained  guidance  will  so  increase  the  output,  augment 
the  workman's  wage  and  the  employer's  profit  as  to  develop 
still  further  this  ideal  condition. 

"I  have  but  one  more  thought.  I  am  old  enough  to  have 
begun  business  at  the  time  when  I  had  to  choose  between  remain- 
ing in  Canada  with  limited  prospects  or  to  leave  for  a  field  of 
larger  possibilities,  and  I  stayed,  when  the  large  number  of  my 
boyhood  friends  Avere  finding  work  to  the  south  of  us.  The  emi- 
gration from  Canada  was  enormous,  young  men  of  to-day  can- 
not comprehend  how  enormous,  and  I  also  have  lived  through  a 
period  when  Canadian  industries  were  so  fcAv  and  far  between 
that  Canadian  products  in  my  line  had  to  be  sold  with  a  guaran- 
tee that  if  they  did  not  please  on  trial,  they  would  be  replaced 
for  the  purchaser  wnth  .\merican  products.  But  we  are  past  that 
point,  and  now  the  Canadian  product  is  recognized  in  all  parts  of 
the  world,  as  of  a  class  that  in  point  of  merit  averages  a  standard 
that  is  not  excelled  in  any  other  country. 

"  Young  men,  this  fruitage  of  past  years  is  your  heritage, 
prize  it  highly,  don't  part  with  it,  or  do  aught  to  lose  it.  It  is 
your  birthright,  don't  for  any  temporary  advantage  become  an 
Esau  and  sell  it  for  'a  mess  of  pottage."  " 

President  Campbell  then  called  upon  Mr.  L.  R.  W'ilson.  '09. 
to  propose  the  toast  "  The  Legislature."  In  doing  so  Mr.  Wil- 
son reviewed  the  interest  the  Legislative  Assembly  had  taken  in 
the  engineering  progress  of  the  country,  and  in  endeavoring  to 
further  technical  education.  He  made  mention  of  the  sjdendid 
work  the  different  departments  of  the  Legislature,  especiall}- 
that  of  Public  ^^'orks  and  in  the  Department  of  Agriculture. 

The  Hon.  J.  S.  Duff,  in  response,  expressed  his  ap])reciation 
on  the  subject  of  military  training  for  the  Canadian  boy.  and  also 
voiced  his  intention  of  watching  with  interest  the  great  progress 
of  the  University,  especially  of  the  P^acult}-  of  Applied  Science. 

"  The  University  "  was  proposed  by  J.  Galbraith,  Jr.,  who 
likened  its  success  to  that  of  its  football  teams,  and  pronounced 
"  team  work  "  as  l)eing  the  mainstay  of  success  in  both.  He 
voiced  the  appreciation  of  the  student  body  with  regard  to  the 
magnificent  gift  of  l)uildings  lately  presented  by  the  Massey 
estate. 
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President  Falconer,  upon  rising-  to  respond,  was  received 
with  the  usual  enthusiasm,  which  bespeaks  the  place  he  holds  in 
the  hearts  of  the  undergraduates  of  the  Faculty  of  Applied 
Science. 

President  Falconer. 

"It  was  an  excellent  idea  of  the  Engineering'  Society 
to  invite  here  to-night  Dr.  Robertson,  also  the  members 
of  the  Toronto  Board  of  Trade,  because  many  of  your 
will  go  out  and  engage  in  the  industries  represented  by  these 
gentlemen.  You  engineers  must  more  and  more  tend  to  bridge 
the  gap  existing  between  educated  men  and  the  class  that  have 
often  thought  themselves  to  be  the  unprivileged  class,  because 
the  privilege  of  education  has  been  denied  to  them.  You  men 
will  come  in  contact  with  workmen,  and  it  is  through  you  that 
some  of  the  benefits  of  education  will  reach  them.  These  bene- 
fits wnll  enter  into  the  finished  product,  and  also  into  the  life  of 
the  man  while  the  product  is  being  brought  to  its  completion. 

"  Does  the  engineer  work  only  for  the  completion  of  any 
building  or  any  great  work?  Ask  your  graduates  in  New  York 
whether  they  sit  still  and  contemplate  the  building  when  it  is 
finished.  Is  that  their  attitude?  By  no  means.  As  soon  as  one 
piece  of  work  is  done  they  look  for  another.  Enjoyment  comes 
not  mainly  in  the  completion  but  in  the  process.  Day  by  day  you 
will  be  putting  into  the  workman  the  desire  to  do  his  work  with 
all  his  intelligence,  and  you  will  be  adding  to  the  contentment  of 
his  life  and  to  your  own  happiness.  This  is  the  secret  of  indus- 
trial efificiencv  of  the  highest  sort.  To  set  a  high  ideal  and  to 
realize  the  ideal  is  what  we  aim  at  in  the  University  and  in  the 
Faculty  of  Applied  Science.  You  are  trained  to  become  engi- 
neers, but  beyond  this  you  must  put  into  the  engineering  work 
the  purpose  of  your  life,  and  this  cannot  be  fully  reached  apart 
from  the  development  of  those  who  with  you  carry  your  engi- 
neering designs  into  execution." 

In  replying  to  the  toast  '•  The  Faculty,"  proposed  by  .Mr. 
Chas.  AVebster'^  Dean  Galbraith  commanded  the  rapt  attention 
of  every  hearer  as  he  reminiscently  reviewed  the  progress  of  the 
'•  School  "  since  the  days,  thirty  years  ago,  when  Dr.  Ellis  and 
himself  constituted  the  teaching  staft'.  and  the  total  enrolment 
consisted  of  seven  students. 

"  It  would  delight  the  hearts  of  the  founders  of  this  insti- 
tution and  of  those  who  taught  here  with  me  first,  to  see  the 
class  which  numbered  seven  when  we  commenced,  grown  to 
nearly  eight  hundred. 

■■'in  the  olden  days  the  teaching  was  done  by  men  from  the 
Colleges.  They  were' well  up  in  their  subjects  but  they  had  not 
been  "out  in  the  world  and  lacked  the  contact  with  actual  condi- 
tions.    One  of  the  great  changes  has  been  in  the  type  of  men  on 
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the  faculty.  We  are  cut  off  from  the  outside  here,  and  one  of  the 
strong-est  tendencies  as  a  university  becomes  more  immense  is  to 
sever  the  bonds  to  a  greater  extent  still.  It  is  the  duty  of  our 
graduates  to  bring  back  to  us  the  fruits  of  their  experience  in  the 
world  with  the  learning  gained  here,  and  to  keep  us  in  touch 
with  the  outside." 

The  Dean  referred  briefly  to  his  recent  visit  to  Cobalt  as  a 
guest  at  the  S.  P.  S.  Temiskaming  dinner,  and  praised  the  work 
done  there  by  students. 

"  We  are  not  afraid  of  lack  of  success  for  our  graduates,  and 
we  are  sure  of  their  ability  to  carry  on  the  work  for  which  they 
were  trained." 

Before  rising  Dean  Galbraith  was  greeted  with  a  chorus 
from  the  undergraduates  as  follows: 

"  Long  live  our  Dean  ! 
Don't  you  hear  them  cheering? 

Don't  you  hear  them  shouting  as  the  Dean  goes  by? 
Long  live  the  Dean !  That's  the  song  we  sing, 

God  bless  our  Dean  !  is  the  students'  loving  cry." 

Mr.  W.  A.  O'Flynn  proposed  "  The  Engineering  Pro- 
fession," and  cou])led  with  it  the  name  of  an  old  and  most  suc- 
cessful graduate,  W.  J.  Francis,  C.E.,  of  Montreal.  The  address 
of  Mr.  Francis,  as  that  of  one  student  to  others,  appealed 
strongly  to  every  student  and  young  graduate  present,  and 
could  not  have  been  replaced  by  a  more  fitting  or  more  appre- 
ciated response. 

After  some  humorisms.  referring  more  particularly  to 
school  affairs,  he  quoted  Tredgold's  historic  definitic^n 
of  the  Civil  Engineer  as  one  who  directs  the  great  sources  of 
power  in  nature  to  the  use  and  convenience  of  man.  Measured 
by  that  standard,  the  man  who  employs  the  electric  current  to 
move  the  wheels  of  commerce  is  a  civil  engineer  in  the  field  of 
electricity ;  the  man  who  sinks  a  shaft  or  drives  a  tunnel  is  a 
civil  engineer  in  the  art  of  mining.  The  name  and  the  work  it 
implies  are  most  comprehensive  and  inclusive  in  their  signifi- 
cance. Expressing  his  great  satisfaction  that  the  civil  engineer 
is  no  longer  considered  a  sort  of  glorified  plumber  by  the  public 
and  that  the  i)rofession  is  rajiidlv  taking  its  place  beside  those 
other  professions  of  law.  medicine  and  theology,  the  speaker 
made  the  statement  that  the  reason  this  condition  was  so  much 
delayed  lay  largely  with  the  engineers  themselves. 

He  deplored  the  practice  of  many  engineers  in  lobbying  for 
work,  and  in  countenancing  the  action  of  individuals  and  cor- 
porations in  need  of  the  services  of  an  engineer,  who  are  seeking 
the  lowest  bidder  regardless  of  qualifications  or  reputation.  .As 
a  parallel  between  engineers  and  their  clients,  he  jiictured  a  num- 
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ber  of  doctors  l:)idding-  for  a  surgical  operation  and  the  patient  in 
the  throes  of  appendicitis  waiting  the  results  of  the  tenders  in 
order  to  determine  who  would  do  the  carving-  for  the  least  num- 
ber of  dollars. 

Proceeding,  he  'spoke  of  the  Canadian  Society  of  Civil  En- 
gineers as  probably  the  "greatest  professional  organization  in 
Canada  to-da)',''  and  as  one  which  is  doing  excellent  work  in 
elevating  the   status   of  the   engineering  profession,   and   in   en- 


Mr.  W.  J.  Francis,  O.K. 


deavoring  to  create  of  standard  of  engineering  ethics  in  Canada. 
That  society,  he  said,  had  signally  honored  the  University  of 
Toronto.  Dean  Galbraith  is  a  past  president,  and  Professor 
Haultain  and  many  of  the  other  graduates  are  councillors.  A 
good  number  of  the  graduates  are  members,  and  the  others 
should  all  be  connected  with  the  Society.  Mr.  iM-ancis  urged 
the  students  to  affiliate  themselves  with  the  Canadian  Society 
of  Civil  Engineers  and  so  assist  in  the  establishment  of  a  higli 
standard  of  professional  conduct. 

He  referred  reminiscently  to  his  student  days  at  Toronto 
twentv  odd  vears  ago.   when'  the   staff  consisted  of   Dean   Gal- 
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Ijrailh,  Dr.  Coleman,  and  Dr.  Ellis  of  the  present  staff,  and  a  few- 
others  who  have  since  crossed  the  Great  Divide.  "We  didn't 
call  him  the  Dean  then,  we  called  him  Professor — when  he  was 
there;  you  know  what  we  called  him  when  he  w^asn't  there." 
Those  were  the  days  of  "the  little  red  schoolhouse"  for  the  en- 
gineering student.  In  the  years  that  have  passed  since  then, 
great  expansion,  at  that  time  not  even  dreamed  of,  has  taken 
jilacc,  but  "Five  o'clock,  gentlemen  !"  still  resounds  through  the 
old  building.  In  his  closing  remarks,  he  urged  the  students  to 
master  the  fundamentals,  and  to  be  thorough  in  their  work.  He 
told  them  they  had  chosen  for  their  life  Avork  that  profession 
which  had  more  to  do  with  the  world's  w^onderful  advancement 
than  any  other,  and  advised  them  to  adhere  to  that  straight  and 
undeviating  line  of  conduct  which  should  at  all  times  characterize 
an  engineer.  ]W  doing  these  things  he  felt  that  in  future  years 
they  would  reflect  credit  on  their  Alma  Mater,  which  he  regarded 
as  one  of  the  "greatest  institutions  in  the  Dominion." 

The  lengthy  programme  of  speeches  was  relieved  by  musi- 
cal selections,  rendered  in  a  most  pleasing  style  by  the  Science 
Octette,  the  members  of  which  this  vear  are,  Messrs.  W.  A. 
O'Flynn,  W.  A.  Costain,  P.  S.  McLean.  G.  B.  Macaulav.  J.  H. 
Craig,  W.  C.  Blackw^ood,  R.  P..  Chandler,  G.  J.  Mickler.  "  The 
Octette  is  again  under  the  leadership  of  Clayton  E.  Bush. 

The  success  of  the  twenty-second  annual  dinner  is  due  tij  the 
united  efforts  of  the  entire  executive,  and  to  the  able  assistance 
nf  Prof.  ^^Tight  and  others  of  the  staff'. 


W  .  T.  Main,  '93,  is  division  engineer,  on  the  Wisconsin 
<li\ision  of  the  C.  &  N.  A\'.  Ry. 

\\  .  G.  ]\IcGeorge,  '08,  is  conducting  a  general  engineering 
practice  in  Chatham,  Out. 

A.  1\  C.  McMaster,  '01,  is  engineer  on  design  and  construc- 
tion of  basic  converter  and  reveberatory  plants.  The  Canadian 
Copper  Co.,  Copper  Cliff',  Ontario. 

J.  L.  Morris,  '81,  and  \\\  J.  ^loore,  '06,  are  in  partnershi]i 
at  Pembroke,  Out.  under  the  name  of  Morris  and  Moore,  sur- 
veyors and  general  engineers. 

A.  E.  Pickering.  '04.  is  with  the  Lake  .Superior  I'ower  Co.. 
as  sti[)crintendent. 

I\.  S.  Smart,  '04.  is  in  Ottawa,  as  manager  Felherstiuihaugh 
I.K-  Co.,  I'atent  Solicitors. 

P.  H.  Stock.  'oQ,  is  resident  engineer,  for  the  Niagara,  .^t. 
Catharines  and  Toronto  R\-. 

\\  .  \  .  Taxlor.  'i;3,  is  Harbour  Commissioner  for  the  citv  of 
(Juebec. 

A.  l-\  Wells,  "04.  is  i)rcsidcnt  ol  the  lirm  of  Wells  and  Gray. 
Ltd.,  engineers  and  contractors.  Toronto. 
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EDITORIAL 

LIST  OF  GRADUATES  WHOSE  ADDRESSES  ARE 
UNKNOWN. 

The  endeavor  to  have  as  complete  a  list  as  possible  of  the 
present  addresses  of  graduates  will  be  greatly  aided  by  any  in- 
formation that  may  come  from  readers  of  A])plied  Science  who 
are  acquainted  with  the  whereabouts  of  any  of  these  men. 

1882— D.  Jeffrey,  J.  H.  Kennedy. 

1885 — E.  E.  Henderson. 

1887— A.  E.  Lott,  F.  Martin. 

1888— D.  B.  Brown,  K.  Rose. 

1892— J.  R.  Allan. 

1893 — ^^-  ^iines. 

1894— H.  F.  Barker,  A.  L.  McTag^art. 

1895— W.  M.  Brodie,  H.  S.  Hull. 

J897— W.  R.  Smiley,  E.  A.  Weldon. 
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1898— J.  E.  Lavrock,  F.  W.  McNaughton,  A.  E.  Shipley. 

1899 — G.  A.  Clothier,  C.  Cooper,  J.  C.  Elliott,  W.  E.  Fore- 
man, I''.  Guy. 

1900 — J.  Clark,  J.  E.  Davison,  H.  A.  Dixon,  H.  S.  Holcroft. 
J.  C.  Johnston,  R.  E.  McArthur. 

1901 — J.  L.  R.  Parsons. 

1902 — J.  M.  Brown,  A.  R.  Campbell,  F.  T.  Conlon,  H.  V. 
Connor,  A.  C.  Goodwin.  J.  T.  Mackay,  R.  S.  Mennie. 

1903 — H.  G.  Acres,  R.  E.  George,  W.  A.  Gourlay,  J.  A. 
Horton,  A.  L.  McNaughton,  C.  A.  Maus,  AI.  L.  Miller. 

1904 — P.  C.  Coates,  O.  B.  AlcCiiaig,  G.  G.  McEwen.  E.  E. 
Moore,  H.  M.  Weir. 

1905— D.  W.  McKenzie,  E.  D.  O'Brien.  E.  P.  A.  Phillips, 
C.  H.  Shirriff,  W.  F.  Stubbs. 

1906 — C.  Johnston,  N.  R.  Robertson. 

1907 — A.  P.  Augustine,  G.  PL  Broughton,  R.  A.  Hare,  E. 
W.  Kay,  D.  J.  McGugan,  F.  W.  McNeil  J.  D.  Murray,  A.  F. 
Wilson. 

1908— R.  H.  Douglas,  C.  Flint,  W.  A.  Robinson,  J.  J.  Stock. 


BOOK  REVIEWS. 

Principles  of  Metallurgy. — Fulton. 


{McGraiv-Hall  Book  Company,  New  York     528  pages  6  ins  x  9  ins. 

Illustrated.) 

In  this  age  of  advancement,  it  is  particularly  noticeable  that 
the  conditions  which  have  brought  about  the  present  tendency 
toward  specialization  have,  of  necessity,  forced  a  similar  state  of 
affairs  on  the  scientific  literature  of  the  day.  It  is  only  at  long 
intervals  that  some  author  has  the  clear-sighted  perception  which 
enables  him  to  compile  a  work  in  such  a  manner  as  to  be  ex- 
tremely valuable  to  the  jiractical  reader  who  wishes  far-reaching 
fundamental  principles  rather  than  minute  descriptions  of  some 
one  department. 

That  Professor  Fulton  has  foreseen  a  long-felt  want  is  quite 
exidcnt  when  the  scope  of  the  above  book  is  examined. 

The  writer  has  paid  a  great  deal  of  attention  to  the  very 
ini])ortant  subject  of  metallic  alloys.  In  the  chajiter  on  "Physi- 
cal Mixtures  and  Thermal  Analysis,"  cooling  curves  and  freezing 
point  curves  are  very  clearly  discussed,  l^^'om  this,  the  author 
goes  on  to  point  out  the  various  types  of  Binary  freezing  point 
curves.  1'he  pages  devoted  to  Ternary  systems  might  well  have 
been  added  to.  This  ])art  of  the  sid)ject  of  metallic  alkn-s  is  one 
which,  above  all,  causes  the  student  the  most  trouble  :  and  it  is 
little  to  be  wondered  at  when  one  takes  into  consideration  the 
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manner  in  which  information  on  the  subject  is  scattered  through- 
out the  scientific  journals. 

Further  on,  various  alloys  are  discussed,  among  which  are 
the  copper-zinc,  copper-aluminum,  copper-tin  series.  The  dia- 
grams for  these  alloys  are  plainly  shown  in  full-page  size.  These 
diagrams,  when  taken  with  the  discussion  of  the  commercially 
most  important  mixtures,  furnish  a  large  amount  of  valuable 
information.  The  iron-carbon  series  has  been  condensed  in  a 
manner  slightly  out  of  keeping  with  its  importance,  although 
the  writer  seems  to  have  recognized  this  by  referring  the  reader 
to  "works  on  metallography  of  iron  and  steel."  A  few  of  these 
references  might  well  have  been  quoted,  for  although  some  re- 
ferences are  given,  vet  they  can  hardly  be  said  to  be  suitable  for 
the  average  reader. 

In  chapter  A  I.,  the  measurement  of  high  temperature  is 
taken  up  in  an  interesting  manner,  which,  to  say  the  least,  robs 
a  large  subject  of  the  usual  mass  of  detail  both  wearisome  and 
so  often  needless. 

The  chapter  on  "Slag,"  as  pointed  out  in  the  preface,  is 
Ijased  largely  on  the  work  of  J.  H.  L.  Vogt.  The  amount  of  con- 
densed material  in  this  section  of  the  book  is  enormous.  The 
mineralogical  nature  of  slag,  cooling  curves,  formation  temper- 
atures, specific  heat  and  latent  heat  of  fusion  of  slag  are  sub- 
jects which  are  briefly  but  ably  set  forth.  The  tables  given  in 
connection  with  these  headings  are  comprehensive  and  clear. 

Passing  on  to  the  next  chapter,  there  are  thirty-six  pages 
devoted  to  mattes,  bullion  and  splise.  The  various  sul])hide 
systems  are  illustrated  by  means  of  freezing  point  curves.  Tn 
pointing  out  the  characteristics  of  these  systems,  a  large  number 
of  practical  details  are  given  which  add  to  the  value  of  the  dis- 
cussion. 

From  chapter  XIII.  one  gets  a  very  good  idea  of  the  various 
types  of  furnaces  used  in  metallurgical  work.  The  writer  touches 
on  the  electric  furnace.  It  might  have  been  advisable  to  give 
more  examples  of  furnaces  used  in  this  extremely  important  and 
growing  branch  of  the  industry. 

.  Besides  the  chapters  specially  mentioned  are  those  on  Phy- 
sical Properties  of  Metals.  Typical  Metallurgical  Operations, 
Refractory  Materials  for  Furnaces,  Fuels,  Cumbustion.  and  a 
final  section  devoted  to  illustrating  the  physics  and  chemistry 
of  a  smelting  operation. 

One  very  good  feature  of  the  book  is  the  large  number  of 
references  given,  some  suitable  for  the  average,  and  others  for 
the  advanced  reader.  The  illustrations  throughout  are  very  clear. 
Taken  as  a  whole,  the  book  is  a  valuable  addition  to  metallurgical 
literature. 

(Reviewed  by  T.  R.  Loudon,  B.A.,Sc.,  Dept.  of  Metallurgy.) 
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A  FEW  POINTS  ON  REINFORCED  CONCRETE  DESIGN. 

C.  S.  L.  HERTZBERG,   '05 

In  designing"  reinforced  concrete  structures,  one  is  continu- 
ally meeting  minor  problems  upon  which  very  little  satisfactory 
information  can  Idc  obtained  from  the  numerous  treatises  on  the 
subject.  In  the  following  paper  I  shall  endeavor  to  enumerate  a 
few  points  in  design  which  are  sometimes  ajiparentl}-  not  given 
the  attention  they  deserve. 

Footings  have  probably  given  more  trouble  ti)  the  designer, 
the  erecting  contractor  and  the  owner  than  anything  else  in  con- 
nection with  reinforced  concrete.  Unequal  settlement  in  foot- 
ings is  responsible  for  numerous  unsightly  deformities  and 
cracks  and  some  collapses. 

The  common  t}'pe  of  reinforced  concrete  column  footings  is, 
of  course,  easily  dealt  with,  and  differs  from  a  plain  concrete 
footing  only  in  its  being  designated  as  a  flat  slab  to  resist  l)end- 
ing",  instead  of  being  sloped  off  as  a  ])edestal.  In  this  type  of 
footing  the  centre  of  pressure  coincides  with  the  centre  of  grav- 
ity of  the  footing  area,  and  the  refpiired  size  is  formed  directly 
from  the  load  to  be  carried  and  the  resisting  power  per  square 
foot  of  the  soil.  Trouble  is  sometimes  caused  by  having  a  foot- 
ing too  large  in  comparison  with  the  size  of  the  other  footings 
in  the  same  building.  This  is  particularly  lialile  to  happen  in  the 
design  of  wall  column  footings  in  the  following  manner: 

If  the  footings  are  designed  to  carry  the  total  dead  and  live 
load,  figuring  each  flooring  of  the  building  fully  loaded,  then  the 
interior  footings  will,  under  probably  loading,  not  stress  the  soil 
as  highly  as  will  the  wall  column  fi)t)tings.  The  reason  for  this 
is,  of  course,  that  the  load  flgm-cd  to  come  on  the  wall  column 
footings  is  usually  about  70  i)er  cent,  dead  load  (which  is  present 
imder  all  conditions),  and  30  ])er  cent,  live  load  (whicji  is  never 
all  there),  while  that  figured  on  the  interior  column  footings  is 
generally  al)iuit  40  ;)er  cent,  dead  and  60  per  cent.  live.  As  the 
live  load  on  the  footings  of  a  building  of  five  storeys  or  more  is 
ne\er  more  than  50  ]ier  cent,  of  the  total  live  load,  it  will  readily 
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be  seen  tliat  tlie  pressure  per  s(|nare  foot  is  less  on  interior  foot- 
ing's than  (tn   exterior  ones. 

As  all  soil  is  compressed  under  any  loading,  the  interior 
fi-otings  will  not  settle  as  much  as  the  exterior  ones,  and  the  re- 
sult is  sometimes  the  cracking-  of  floor  beams  and  slabs. 

The  difficulty  is  overcome,  to  a  certain  extent,  by    the  cus- 


3z::cr/07Y    OJY   L,JJYZ^-A-^ 
Fig.    1 


t(  m  of  reducing-  tlie  li\c  load  l)y  about  50  per  cent,  in  Iniildings 
ot  over  a  certain  nunil)or  of  storeys.  This.  howcNcr.  would  a})- 
pear  to  be  insufficieni,  and  it  would  seem  that  either  a  greater 
reduction  should  be  figured  in  designing  interior  column  footings, 
or  else  no  reduction  at  all  should  be  allowed  in  figuring  exterior 
footings.     It  would  also  a])])ear  to  be  wise  to  e\en  add  a  small 
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percentage  on  corner  column  footings,  as  a  much  larger  ])(>ni()n 
of  the  wall  coming  on  these  is  dead  weight. 

It  very  often  occurs  that  the  footings  under  wall  columns 
cannot  be  built  to  extend  beyond  the  outside  line  of  the  column. 
In  cases  of  this  kind  some  sort  of  combination  footing  should  be 
used.  This  is  sometimes  done  by  carrying  the  column  in  ques- 
tion on  a  cantilever  beam,  pinned  down  at  the  other  end  by  one 
of  the  other  columns.  Care  must  be  taken  in  this  ty])e  to  reduce 
the  footing  under  the  second  column  in  proportion  to  the  up- 
ward thrust  from  the  end  of  cantilever  beam. 

A  simpler  method  of  treating  the  above  is  as  follows  : 

Consider  the  wall  column  in  question  and  the  nearest  inter- 
ior column  as  acting  together  on  a  combined  footing.  Figure  the 
loads  coming  on  both  columns  and  find  the  position  of  their  re- 
sultant load.  Add  the  two  loads  and  divide  by  the  soil  value 
per  square  foot.  This  will  give  the  required  footing  area.  De- 
sign a  footing  of  this  area  and  varying  in  width  from  one  end  to 
the  other  in  such  a  way  that  the  centre  of  gravity  of  the  area  will 
coincide  with  the  point  of  application  of  the  resultant  from  the 
two  column  loads.  The  thickness  of  the  footing  and  the  reinforc- 
ing material  must  now  be  designed,  treating  the  footing  as  an  in- 
verted beam,  supported  at  the  two  columns  and  resisting  the 
upward  pressure  of  the  soil,  which  will  be  of  an  intensity  per 
square  foot  equal  to  the  soil  \aluc  minus  the  weight  ])er  square 
foot  of  the  concrete  in  the  footing. 

The  above  method  can  be  used  for  designing  combination 
footings  for  anv  number  of  columns. 

Figure  I.  shows  a  footing  of  this  type  designed  to  carry  the 
four  columns  indicated,  whose  loads  were:  1 :  267.000  pounds;  2: 
347,000  pounds;  3:  284.000  pounds,  and  4:  107.000  pounds.  The 
soil  value  assumed  was  5.000  pounds  per  scpiare  foot,  (."ohnnn 
I  was  a  corner  column.  2  and  3  were  wall  colvmms.  and  4  was  an 
interior  column.  The  footings  could  not  extend  beyond  the  lines 
A.  R.  and  .\.  C.     The  footing'  was  designed  as  follows: 

Sum  of  column  loads  =  109,500  i)ounds. 

Sinn  of  moments  about  side  a.b.  =  10.272.166  foot  jiounds. 

™        r  r  •     10^7-2166      ^,      ,,,„, 

i  heretore  centre  of  i)ressure  is     , ^^-^^     =U — 1^/2   rroma.b. 

1 09n()() 

Taking  moments  about  line  a.  c.  we  find  centre  of  i)ressure 

is  7  ft.  0  in.  a.c. 

This  locates  the  point  x.  the  centre  of  pressure. 

...  ,         109500  ,,,. 

Area  ot  tootmg  re(|mred  =     -^xx-v      =  -^^  ^'1-  '*• 
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The  lengths,  18  ft.  6  in.  and  10  ft.  0  in.  of  the  sides  a.c.  and 

a  .b.  are  now  arbitrarily  assumed. 

Area  of  rectangle  a.  b.  c.  d.  =  259  s(|.  ft. 
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Area  of  footing  required  :=  219  s(|.  ft. 

Area  to  be  deducted  =  40  sq.  ft. 
Deduct  area.  E.f.g.h.  7  x  6  =  42  sq.  ft. 

Let  X  =  distance  from  a.  c.  to  centre  of  gravity  of  area  to 
l)e  deducted. 

Let  Y  =  distance  from  a.  b. 
259  X  7  —  217  X  7 


Then  x  = 
And  V  ^= 


42 
2f)9x  9.25- 


7  ft.  0  in. 


217  X  9.38 


42 


=  8  ft.  7  in. 


which  locates  the  position  (jf  the  area  E.f.g.h..  which  will  give  a 
fuoting  whose  centre  of  gravity  coincides  with  the  centre  of 
pressure  x. 

The  footing  was  then  designed  for  bending  Ijy  treating  it  as 
fnur  beams  between  the  four  columns,  figuring  on  5.000  pounds 
l)er  sc|uare  foot  u])Vv-ard  ])ressurc  minus  the  weight  of  the  con- 
ciete  in  the  footing. 

While  the  centre  of  j)ressure  will,  of  course,  shift  under  dif- 
ferent conditions  of  column  loading,  still  the  variation  cannot  be 
sv.fifiicient  to  cause  a  serious  settlement  of  any  part  of  the  footing. 

In  some  cases  it  is  very  difficult  to  economically  combine  a 
wall  column  footing  with  any  other  footing.  Where  this  is  the 
case  the  footing  is  increased  towards  the  inside  of  the  building 
and  along  the  wall.  When  this  is  done,  the  column  must,  of 
course,  be  tied  in  at  the  toi)  and  figured  to  resist  the  bending 
caused  by  the  eccentric  loading  on  the  footing.  This  bending  is 
generally  increased  b\'  the  1)ending  moment  from  the  eccentr-'c- 
ity  brought  on  the  column  from  the  floor  loads. 

A  jjoint  in  designing  reinforced  concrete  which  is  often 
cn.erlooked  is  the  bending  ])roduced  in  wall  columns  carrying 
lf)ng  span  beams.  This  moment  seldom  gi\es  trouble  in  the  low- 
er tiers  of  columns  in  a  building  of  an}-  considerable  height  as,  in 
such  cases,  the  cohmins  are  so.  heaxilv  loaded  that  the  eccentric- 
it}-  is  not  sufti'cie'U  to  ])ro(lnce  actual  tension  in  the  outside  of 
the  cohuun. 

1  he  common  i)ractice  of  designing  wall  columns  20  per  cent, 
lieax  ier  than  interior  columns  does  not  always  overcome  this  ten- 
(lency  to  crack  from  bending,  as  the  extra  strength  is  not  apjilied 
ii.  the  pro])er  place. 

C  onsider  the  roof  cohnnns  of  a  building  (A  c^Misiderable 
width  in  which  the  roof  beams  s])an  from  side  Xo  side  with  no 
irterniediate  sui)iM)rt.  'i'he  usual  custom  is  to  carr\-  the  column 
reinlorcement  to  within  a  few  inches  of  the  to])  of  the  nuif  slali 
and  to  bend  the  anchor  bars  of  the  beams  down  into  the  columns 
llie  usnal  depth  to  prevent  cracking  in  the  upper  surfaces  of  the 
beams  near  the  ends.  In  a  building  designed  in  this  way  the  re- 
sult is  pretty  sure  to  be  cracks  across  tlic  outer  surfaces  of  the 
columns  imniedi.'itely  uiuler  the  level  of  the  bottom  of  the  beams. 
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even  though  the  roof  be  under  no  load  other  than  the  dead  load 
of  the  structure  itself.  The  reason  for  this  is  that  the  beam  de- 
flects under  its  own  weight  and  the  weight  of  slab  carried.  This 
deflection  produces  a  tension  in  the  upper  surface  of  the  beam  at 
the  end,  which  tension  is  also  present  at  the  outer  surface  of  the 
column,  where  it  is  altogether  liable  to  produce  large  cracks. 
These  cracks  can  be  seen  in  many  buildings.  They  should  be 
])rovided  against  by  increasing  the  reinforcing  steel  in  the  outer 
side  of  the  column.  This  reinforcement  in  these  columns  (if  the 
same  are  not  bent  over  as  described)  increases  the  liability  to 
crack,  owing  to  the  fact  that  they  must  be  embedded  to  a  great- 
er distance  than  deformed  bars  in  order  to  develop  their  tensile 
strength.  Cracks  of  this  nature  are,  of  course,  more  unsightly 
than  they  are  dangerous,  for  beams  supported  in  this  manner  are 
usually  designed  as  non-continuous  over  the  supports  and  should 
be  of  the  required  strength,  whether  pinned  down  to  the  columns 
or  not.  However,  the  bond  with  the  column  is  an  added 
strength  to  the  beam  and  should  be  preserved. 

The  placing  of  brackets  under  a  beam  of  the  above  descrip- 
tion does  not  overcome  the  difficulty  and  is,  in  my  mind,  poor 
piactice.  The  brackets  tend  to  spread  the  columns  by  causing 
the  beam  to  act  as  an  arch  whose  thrust  is  not  properly  taken 
care  of.  and  cracks  will  very  likely  occur  on  the  outer  surface  of 
the  columns  under  the  brackets.  This  construction  acts,  to  a 
great  extent  like  roof  truss  without  a  tie  rod. 

Reverse  bending  should  be  given  particular  attention  in  the 
design  of  highway  bridges  where  heavy  moving  loads  have  to  be 
provided  for.  In  short  span  culverts,  where  a  flat  slab  is  used, 
this  reverse  bending  at  the  abutments,  if  not  properly  taken  care 
of,  may  result  in  a  failure  which  has  all  the  appearance  of  a 
shear  failure,  and  such  it  may  be  after  a  certain  point,  although 
it  has  probably  started  in  tension  cracks  in  the  ujiiter  surface  of 
the  slab. 

Consider  a  cuhert.  let  us  say.  of  12  feet  clear  snan.  to  be 
designed  to  carry  a  15-ton  road  roller.  The  slab  is  designed  as 
non-continuous,  and  enough  steel  is  inserted  in  the  bottom  to 
give  a  resisting  moment  to  pro])erly  take  care  of  the  total  maxi- 
mum bending  moment  liable  to  come  on  the  culvert,  in  all 
])robability  the  concrete  itself  will  figure  to  take  care  of  all  the 
shear  at  50  pounds  per  square  inch,  and  therefore  no  extra  ])ro- 
vision  is  made  against  tlirough  shear. 

At  first  glance  this  culvert  would  appear  to  l)e  pro])erly  de- 
signed to  insure  against  failure  from  any  cause,  for.  as  the  slab 
is  not  figured  continuous  over  su])ports.  it  does  not  seem  neces- 
sary to  put  any  steel  in  the  top  of  the  slab  at  the  abutments. 
This  conclusion  would  be  safe  if  the  slab  were  cast  separate 
from   the  a])utments.  but  if   (as  is  nearlv  always  the    case)    the 
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alnitments  and  slab  are  munolitliic.  the  followint;-  is  lial)le  to  oc- 
cur : 

A  heavy.  Aibratory  load  comes  to  the  centre  of  the  span  and 
produces  considerable  deflection  and,  as  the  slab  is  tied  down  to 
the  abutment,  tension  is  produced  in  the  upper  surface  of  the 
slab  and  on  the  outer  surface  of  the  abutments.  The  slab,  being 
thinner  than  the  abutment,  cracks  on  top  just  inside  the  line  of 
the  abutment.  Then,  as  the  load  approaches  this  point,  the  shear 
is  increased  and  the  cracked  concrete  is  probably  not  capable  of 
resisting  this  shear,  and  collapses.  This  failure  might  have  been 
prevented  in  three  ways,  namely,  by  the  use  of  top  steel,  b)^  the 
use  of  steel  shear  members,  or  by  having  a  complete  horizontal 
joint  between  the  slab  and  abutment. 

The  advantages  of  what  is  known  as  flat  ceiling  construc- 
tion are  many,  the  most  desirable  among  them  being  the  appear- 
ance produced  and  the  economy  in  floor  height.  The  chief  dis- 
advantage in  the  most  common  tyj^es  is  our  lack  of  scientific  data 
on  the  subject.  In  a  well-known  type,  opinions  differ  nearly  lOO 
per  cent,  as  to  the  bending  moment  to  be  figured  in  slabs  under 
the  same  loading.  In  the  Engineering  Record  of  24th  December, 
1910,  there  is  an  account  of  some  measurements  made  to  obtain 
the  strain  existing  in  different  ])ortions  of  a  flat  slab  floor  imder 
working  loads.  From  these  strains  the  existing  stresses  are  fig- 
ured. The  results  of  these  measurements  ar)pear  to  indicate  that 
some  designers  are  over  sanguine  about  the  carr^-ing  capacities 
of  this  type  of  floor. 

A  more  conservative  design  of  flat  ceilings  is  eft'ected  by  in- 
creasing the  width  of  the  beams  and  decreasing  their  denth  until 
the  under  side  of  the  beams  is  flush  with  the  under  side  of  the 
slab.  The  slal)  in  these  cases  is  usually  made  up  of  small  rein- 
forced concrete  joists  with  tile  fillers  in  between,  and  two  or 
three  inches  of  concrete  over  the  top  to  aid  in  c(Mii]iressive  re- 
sistance. 

In  this  tyi)e  of  floor  the  stresses  are  knnwn  and  the  strength 
can  be  figured  along  the  same  lines  as  the  ordinary  slab  and 
beam  construction.  The  tile  fillers  are  placed  as  much  as  pos- 
sible below  the  natural  axis  of  the  slab  so  as  not  t(^  decrease  the 
dead  load  ot  the  floor,  'i'his  t}pe  of  floor  is  not  as  economical  in 
steel  as  the  usual  slab  and  beam  construction,  on  acctnmt  of  the 
decreased  arm  of  the  resisting  couple  of  the  steel  in  tension  and 
the  concrete  in  compression. 

To-day,  reinforcement  in  a  rectangular  jianel,  dosigncd  ac- 
cording to  the  accepted  theory  of  reductions  in  bending  mom- 
ents, effects  economy  in  concrete  only.  If  the  bending  moments 
each   way  be  reduced   in   the   usual   manner    n\     niultinlving    bv 

B'  J' 

-jr^j— o^  for  the  sliorter  s])an  and  by— — : — r;^  for  the  longer,  where 

A  represents  the  shorter  s])an  -md   1'.  the  longer,  the  steel  may  l>e 
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slightly  reduced  by  placing"  less  near  the  edges  of  the  panel  than 
near  the  centre.  This  reduction  is,  however,  offset  by  the  fact 
that,  in  using  bar  reinforcement,  the  amount  of  resistance  of  the 
upper  layer  of  steel  is  decreased  by  the  decrease  in  the  resisting 
arm  of  the  forces.  The  saving-  in  concrete  is,  of  course,  effected 
by  figuring"  it  to  take  its  full  "working  compression  in  two  direc- 
tions at  right  angles  to  one  another. 

Before  closing,  I  would  like  to  enter  a  plea  for  the  standard- 
ization of  unit  stresses  and  formulae  in  reinforced  concrete  de- 
sign throughout  Canada.  Some  things,  of  course,  cannot  be 
standardized,  but  such  points  as  ratio  of  the  moduli  of  elasticity 
of  steel  and  concrete,  the  allowable  working  compressive 
strength  of  concrete,  both  in  bending  and  in  direct  compression, 
the  limits  of  Tee  action,  etc.,  might  be  definitely  settled  and  ad- 
hered to  by  all  designers.  If  it  is  safe  in  one  city  to  design  a 
continuous  beam  uniformly  loaded  to  resist  a  bending"  moment  of 
one-twelfth  WL,  then  it  is  equally  safe  to  do  the  same  in  the 
next  city,  despite  the  fact  that  the  second  city  insists  on  it  be- 
irig  designed  for  one-eighth  WL.  Other  points  might  also  be 
straightened  out,  such  as  whether  a  specification  should  insist  on 
using  12  for  the  ratio  of  the  modulus  of  elasticity  of  steel  to  that 
of  concrete,  when  in  another  part  it  calls  for  working  stress  of 
350  pounds  per  square  inch  for  the  concrete  in  a  column  and  10.- 
000  pounds  for  compressive  steel  embedded  in  the  same  coUnr.n. 


INSPECTION  OF  CONCRETE. 

E.  A.  JAMES,  A.M.,  Can.  Soc.  C.E. 

Although  concrete  was  a  material  of  construction  in  the 
days  when  the  Roman  Empire  flourished,  yet  we  speak  of  it  as 
one  of  the  modern  materials  of  construction.  For  several  cen- 
turies other  materials  were  more  convenient  and  more  fashion- 
able, and  with  the  settlement  of  America  the  plentiful  supply  of 
timber  and  the  ease  with  which  it  was  made  suitable  for  con- 
struction work,  marked  timber  the  chea])  material  of  construc- 
tion, and  it  was  not  until  the  70's  that  cement  and  concrete 
again  entered  into  construction  work  in  any  great  (piantities. 

To-day,  the  annual  consum])tion  of  cement  in  Canada  is 
close  unto  five  million  barrels,  which  represents  in  completed 
structure  many  times  five  million  dollars'  worth. 

Where  the  uses  are  so  varied,  as  are  those  to  which  concrete 
is  placed,  it  is  but  natural  to  expect  to  hear  of  failure,  and  where 
the  amount  of  money  expended  annually  is  so  large,  it  is  reason- 
able to  suppose  that' every  effort  should'  be  made  to  ensure  good 
work. 

In  concrete  work,  as  in  other  classes  of  construction,  good 
design  and  good  materials  are  necessary,  and,   granting  that  we 
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have  ^ood  design  and  good  materials  .  a  class  of  well-skilled 
workmen  should  produce  a  finished  material  of  a  high  order. 

Concrete,  however,  has  sufifered  more  than  any  other  build- 
ing material  because  of  inferior  workmen,  and  this  has  been 
brought  about  largely  by  those  interested  in  the  early  days  in  the 
sale  of  cement,  who  claimed  as  one  of  the  chief  reasons  why  it 
should  be  largely  used,  was  the  cheapness  of  placing,  because  it 
did  not  require  skilled  laborers. 

Fortunately,  we  do  not  hear  so  much  of  the  claim  as  form- 
erlw  for  it  is  well  recognized  that  workmen  can.  with  the  same 
ingredients,  produce  various  grades  of  concrete. 

Although  among  the  first  of  the  modern  concrete  structures 
many  were  well  and  substantially  made,  yet  there  were  a  num- 
ber of  serious  failures,  and  because  the  engineers  themselves 
were  not  any  too  familiar  with  concrete  construction,  and  be- 
cause of  this  recurring  failure  and  the  fact  that  most  of  the 
workers  in  concrete  were  men  imperfectly  skilled,  a  system  of 
careful  inspection  was  inaugurated. 

While  the  necessity  of  inspection  deoends  to  a  certain  ex- 
tent upon  the  nature  of  the  material  and  the  production,  it  is  al- 
ways a  cjuestion  of  just  when  and  where  and  to  what  extent  it 
pays  to  inspect.  In  concrete  work  inspection  must  be  made  of 
the  component  parts,  the  sand,  the  gravel,  the  cement  and  the 
water  must  be  examined,  as  well  as  the  concrete,  while  it  is  be- 
ing mixed  and  poured. 

The  scope  and  possibilities  of  a  system  of  insnection  enlarg- 
es greatly  with  specialization. 

Inspection  should  be  planned  to  accomplish  at  least  expense, 
the  best  results,  which  may  be  numerated  something  as  follows: 

r.     To  prevent  loss  or  defects  by  accidents  or  delavs. 

2.  To  prevent  loss  of  time  and  material  on  work  alreadv 
beyond  repair. 

3.  To  prevent  the  necessity  of  replacing  defective  work. 

4.  To  prevent  decrease  in  quality  because  of  the  demand 
for  increase  in  quantity. 

5.  To  point  out  imperfections  in  alignment,  methods  and 
material. 

6.  To  record  proper  allowances  for  unavoidable  extras. 

7.  To  draw  the  attention  of  the  superintendent  to  workmen 
who  must  be  better  instructed  or  trained. 

8.  To  stimulate  good-will  through  fairness,  in  fixing  re- 
sponsibilities. 

Inspection  organized  to  cover  any  one  or  all  of  these  pur- 
poses will  be  similar  in  personality,  varying  only  with  the  de- 
gree of  ])erfection  required. 

P.efore  it  can  be  determined  just  when  and  where  it  pays  to 
ms])ect.  the  following  conditions  must  be  satisfied  : 

1.  Responsibility  must  be  fixed  with  certainty. 

2.  The  inspection  must  not  cause  unnecessary  friction. 
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3.  The  inspector  must  have  to  do  witli  eqnahty  only,  not 
design. 

4.  The  res])onsibility  for  defective  work  must  be  placed  up- 
on the  workman  as  well  as  upon  the  inspector. 

Responsibility  must  be  fixed  with  certainity. 

As  inspection  has  for  its  purpose  the  pointing-  out  of  the  de- 
fects, it  is  necessary  for  the  inspector  to  be  able  to  locate  the 
cause  of  the  defect.  One  of  the  most  foolish  things  that  can  be 
done  is  attaching  blame  to  the  wrong  person,  and  unless  it  is 
possible  to  discover  immediately  just  when  and  where  the  cause 
of  the  defect  lies,  the  fixing  of  responsibility  is  very  difficult.  It 
is,  therefore,  necessary  to  have  the  material  on  the  ground  in 
suffic-'ent  time  for  thorough  inspection  before  it  is  mixed,  for 
even  after  the  inspector  has  detected  the  defect,  the  responsibil- 
ity is  not  necessarily  fixed.  The  error  may  be  due  to  wrong  spe- 
cification, poor  material,  defective  measurement,  defective  mix- 
ing, or  even  unsuitable  weather  conditions.  It  is,  therefore,  ne- 
cessary that  instructions  and  s])ecifications  must  be  in  writing. 

Inspection  must  not  cause  tincessary  friction. 

Xo  system  of  ins]:)ection  which  would  simply  complain  of  de- 
fects, without  attempting  to  trace  the  cause,  or  to  assist  in  the 
im_proving  of  conditions,  will  be  of  any  assistance.  It  certainly 
would  not  tend  to  happv  relations  between  contractor  and  eng- 
ineer. So  it  becomes  necessarv,  if  full  benefits  are  to  be  derived 
from  rigid  inspection,  not  only  to  point  out  the  defects,  but  the 
inspector  should  be  in  a  position  to  trace  the  cause  and  to  sug- 
gest a  remedy.  Defective  work  must  be  detected  as  soon  as  pos- 
sible, so  that  the  conditions  imder  which  the  work  was  done  may 
be  fresh  in  the  workman's  mind,  and  the  responsibilit}'  with  cer- 
tainty attached  to  him  when  the  defect  it  through  careless  work- 
manshi]). 

The  inspector  must  have  to  do  witli  quality  only,  not  design. 

To  point  out  defects  will  not  necessarily  stop  the  repetition 
and,  although  it  may  be  the  duty  of  the  ins])ector  to  trace  the 
cause,  fix  the  responsibilitv  and  suggest  the  remedy,  the  ins])ec- 
tor  must  not  have  to  do  with  ai)i)lying  the  remedy  or  of  interfer- 
ing with  the  workmen 

When  the  inspector  has  rep  irted  defects  in  material  or 
workmanship  to  the  engineer  and  contractor,  or  their  represen- 
tatives, he  must  content  himself  with  awaiting  the  corrections 
through  the  proper  officials,  although  it  should  be  within  his 
power  to  stop  or  reject  the  work  until  there  is  an  opportunity  for 
investigation,  and  to  take  upon  himself  these  responsibilities,  lie 
must  have  knowledge  equal  to  that  of  the  sui)crintendent  of  the 
work. 

Responsibility  for  defective  work  must  be  placed  upon  the  workman  as 
well  as  upon  the  inspector. 

.  \^'hi]e  we  have  stated  that  the  inspector  should  not  interfere 
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with  the  workman,  yet  the  knuwlcdge  that  he  is  present  will 
have  a  disciplinarian  effect  and  will  prevent  the  sacrifice  of  qual- 
ity for  quantity.  Inspecting'  alone  will  not  reduce  bad  workman- 
ship to  a  minimum,  but  the  workman  must  be  supplied  with  pro- 
per tools,  proper  instructions,  and  must  be  trained  in  his  w^ork 
and  held  responsible  for  the  quality  of  his  w^ork.  He  must  be 
trained  to  inspect  his  own  work.  \A^e  have  known  cases  where 
the  men  were  paid  a  bonus  for  saving  cement,  and  where  this  is 
the  case  it  almost  requires  as  many  inspectors  as  men  to  secure 
com])liance  with  specifications.  A\'here  it  is  known  that  the  con- 
tractor is  encouraging-  his  men  to  skimj:)  the  work,  the  inspector 
should  lay  his  information  before  the  engineer,  and  at  once  vig- 
orous measures  should  be  taken  to  remove  such  contractor  from 
the  work,  for  he  will  not  do  g;ood  work,  no  matter  w^hat  the  in- 
sjicction  is. 

Plan  of  Inspection- 
There  are  many  plans  of  inspection,  au}'  of  which  may  get 
good  results,  and  all  of  which  may  fail  in  securing  good  results. 
Inspection  depends  more  upon  the  inspector  than  upon  the  me- 
thod. 

You  may  have  inspection  by  central  bureaus  wdiich  retain 
men  who  are  experts  in  their  line  of  work,  who  report  first  to 
their  bureaus,  or  to  the  engineer  in  charge  of  the  work,  as  mav 
be  arranged. 

You  may  have  inspection  by  your  own  local  staff"  or  fore- 
man, or  you  may  require  such  guarantee  that  inspection  at  the 
end  of  one  or  two-year  periods  will  be  all  tliat  is  necessary.  The 
plan  of  inspection  to  be  adopted  will  necessarilv  depend  on  the 
character  of  work  being  carried  nut. 

The  Duties  of  Hie  Inspector. 

It  should  be  the  duty  of  the  inspector  to  see  that  all  forms  are 
erected  on  the  lines  laid  down  by  the  engineer,  that  these  forms 
are  stiff  and  well  braced,  and  that  all  material  and  workmanship 
are  in  accordance  with  specifications.  He  should  look  after  the 
removal  of  forms  and  see  that  the  concrete  is  n..t  injured  in  the 
removal. 

Aside  from  concrete  walks,  form  work  is  the  most  difTficult 
to  get  properly  ])laced.  and  it  is  much  easier  to  develop  a  good 
insi)ector  out  of  a  good  carpenter  than  out  of  a  good  concrete 
worker. 

It  the  work  is  to  be  done  at  night  under  artificial  light,  it 
will  be  necessary  to  increase  the  staff  of  inspectors,  for  concrete 
that  can  be  detected  in  the  day  time,  by  color,  will  not  show  a 
lack  of  proper  mixing  of  materials  under  artificial  light.  In  fact, 
where  high  class  work  is  required,  or  in  finishing  surfaces,  as  a 
rule,  it  is  better  not  done  at  night  at  all. 

The  cost  of  inspection  is  variable,  being  in  some  cases  as 
low  as  one  per  cent,  of  the  total  cost  and  as  high  as  two  and  a 
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'half  per  cent.  I  think  it  is  a  usual  thing  two  per  cent,  should  be 
allowed  for  inspection,  and  good  inspection  is  cheap  at  that 
price. 


ELECTROLYTIC    RECTIFIER. 

R.  H.  HOPKINS,  B.A.,  Sc. 

Department  of  Electrical  Engineering,  University  of  Toronto. 

The  general  use  of  alternating  current  for  the  transmission 
of  energy  for  light  and  power,  and  the  limitations  of  this  form  of 
energy  for  some  purposes,  makes  necessary  some  apparatus  for 
the  transformation  of  alternating  current  into  direct  current. 

There  are  a  num.ber  of  methods  available;  the  use  of  the  mo- 
tor generator  set,  the  rotary  converter,  and  the  mercury  arc  recti- 
fier, being-  some  of  them.  Where  the  amount  of  power  to  be  used 
is  considerable,  a  motor  generator  set  or  a  rotary  converter  will 
be  used.  AMien  the  amount  of  power  to  be  used  is  small,  and  es- 
pecially where  it  is  used  in  charging  storage  batteries,  these  ma- 
chines are  not  as  satisfactory.  Here,  then,  is  the  field  for  the 
mercury  arc  rectifier  and  the  electrolytic  rectifier.  The  smaller 
the  amount  of  power  necessary,  and  the  more  the  first  cost  fig- 
ures, the  greater  are  the  odds  in  favor  of  the  use  of  the  electroly- 
tic rectifier. 

The  electrolytic  rectifier  is  a  chemical  cell  for  the  rectifying 
of  alternating  current.  Its  rectifying  action  is  due  to  a  high  re- 
sistance to  flow  of  current  in  one  direction  and  not  in  the  other 
that  certain  metals  have  when  placed  in  some  electrolytes. 

If  tAvo  plates  of  aluminium  which  have  been  charged  (I  will 
mention  this  later)  are  placed  in  an  electrolyte  such  as  a  solu- 
tion of  ammonium  phosphate,  sodium  phosphate,  borax,  etc., 
and  connected  to  a  direct  current  supply,  no  current  will  flow; 
if.  however,  we  connect  a  plate  of  iron  and  one  of  aluminium  to 
the  same  supply,  the  iron  being  connected  to  the  positive  line, 
the  cell  will  act  as  a  direct  short  circuit.  It  is  hardly  right  to 
look  upon  the  action  of  the  aluminium  as  regards  flow  of  cur- 
rent when  it  is  an  anode  as  being  due  to  resistance.  It  is  rather 
a  counter  electromotive  force,  which  varies  with  the  impressed 
voltage  up  to  as  much  as  600  volts  per  cell.  It  also  varies  with 
the  electrolyte.  This  counter  electromotive  force  is  due  to  a  filni 
of  aluminium  hydroxide  that  is  formed  on  the  aluminium.  This 
film  is  very  thin,  being  comparable  in  thickness  to  the  length  of  a 
wave  of  light,  and  it  seems  to  be  formed  of  two  ])arts.  an  insolu- 
able  shell  holding  a  gaseous  body. 

If  no  volts  be  applied  to  a  ch-cuit  consisting  of  two  plates 
ot  aluminium  in  a  solution  of  ammonium  phosphate,  an  enorm- 
ous current  flows  that  rapidly  dies  to  zero,  and  the  plates  are 
said  to  be  charged.  On  examining  the  plates  it  will  be  noticed 
that  they  have  a  frosty  appearance  ;  this  is  due  to  the  film  that 
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has  been  formed  on  them.  The  statement  that  the  current  drops 
to  zero  is  not  quite  true,  for  if  the  voltage  is  direct  you  will  have 
a  minute  leakage  current,  and  if  alternating,  a  leakage  cur- 
rent, and  superimposed  upon  it  a  condenser  current  of  greater 
magnitude,  but  still  of  small  \alue.  Steinmetz  says  this  current 
is  about  .01  ampere  per  square  inch  of  plate  surface,  but  does  not 
say  for  what  voltage  or  frequency,  ^^■ith  plates  of  10  square  inch- 
es surfaces  in  an  electrolyte  of  ammonium  phosphate,  a  current  of 
.35  amperes  was  obtained  at  60  cycles,  no  volts,  and  with  the 
General  Electric  Company's  lighting  arrester  solution,  a  cur- 
rent of  .15  amperes  for  plates  of  20  square  inches  on  no  volts. 
60  cycles,  was  obtained. 

The  connections  commonly  used  for  an  electrolytic  rectifier 
are  illustrated  in  Fig.  1.  On  account  of  the  impedance  of  the 
choke  coil,  practically  no  current  flows  through  it,  but  intermit- 
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Fig.  1 


tent  direct  current  flows  from  the  centre  of  it  without  a  serious 
drop  on  accovmt  of  the  choke  coil  acting  as  a  one  to  one  series 
transformer.  Let  W  be  positive.  Current  cannot  enter  the  solu- 
tion by  an  alumium  electrode  so  it  flows  to  centre  tap  of  the 
choke  coil  through  the  direct  current  circuit,  to  the  iron  plate,  to 
the  aluminiu.m  plate  on  the  other  side  of  the  line.  Now.  this  cur- 
rent flowing  in  the  half  of  the  transformer  creates  a  magnetic 
flux,  and  unless  this  flux  is  balanced  the  current  cannot  flow  free- 
ly. This  flux  is  balanced  by  the  flux  created  by  a  secondar}-  or 
induced  current  to  the  other  half  of  the  choke  coil,  which  is 
e(!ual  and  o])posite  to  the  first  current.  Tl  flows  from  centre  point 
of  coil  through  the  direct  current  circuit  to  the  iron  plate,  to  the 
aluminium  plate,  and  completes  its  circuit  in  the  coil.  Hence 
you  will  have  twice  the  current  at  half  voltage  in  the  direct  cur- 
rent circuit.  These  relations  are  theoretical  and  are  not  obtain- 
ed in  ])ractice. 

'i"he  connections  for  the  use  of  an  aluminium  rectifier  without 
a  choke  coil  are  illustrated  in  Fig.  2.  There  are  four  cells,  each 
consisting  of  an  iron  ])late  and  an  aluminium  plate  in  the  elec- 
trolyte. Two  cells  arc  connected  in  scries  opjmsition  with  the 
aluminium  plates  connected  to  the  su])ply,  and  two  in  series  op- 
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position  with  the  iron  plates  also  connected  to  the  supply.  Con- 
sider the  line  AB  positive.  Current  flows  from  B  to  X  to  Y  to  C. 
and  if  the  line   CD  be  positive,  current  flows  from  D  to  X  to  Y  to 
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A.  In  other  words,  there  is  direct  current  flowing  from  X  U>  V 
independent  of  which  line  is  positive. 

The  results  that  can  be  obtained  from  a  small  rectifier  with 
connections  made  as  illustrated  in  P'ig'.  i  are  shown  by  a  set  of 
curves,  Fig.  3.  This  rectifier  had  two  aluminium  plates  two 
inches  by  seven  inches,  and  an  iron  plate  six  inches  by  seven 
irches.  The  electrolyte  was  a  saturated  solution  of  pure  am- 
monium phosphate.  Figs.  4  and  5  are  taken  from  oscilligrams 
of  the  voltage  and  current  in  different  parts  of  the  circuit.  Ihc 
alternating  current  supplv  was  from  an  old.  smooth  core,  ring- 
\vound  alternator,  which  exjilains  the  smooth  curves.  With  a 
modern  slotted  armature  alternator  as  a  supply,  the  general 
sliape  of  the  cur\'es  is  similar,  but  they  are  somewhat  distorted 
by  the  harmonics  caused  by  the  teeth  of  the  alternator.  'J'hese 
harmonics  are  considerably  am.plified  by  the  condenser  action  of 
the  rectifier.  Curve  i.  Fig.  4.  is  of  the  supply  voltage;  Curve  2. 
the  supply  current,  and  Curve  3  shows  the  dn-ect  current  voltage. 
Curve  4.  Fig.  5.  shows  the  direct  current  obtained,  and  Curves  5 
and  6  show  the  components  of  4.  i.e..  the  currents  in  lines  G  and  F. 
(Fig.  i).  The  theoretical  values  of  the  currents  in  the  different 
parts  of  the  circuit  are  illustrated  in  Fig.  i.  the  dotted  line  "  a  " 
indicating  the  values  of  the  current^  in  the  different  parts  of  the 
circuit  (which  are  lettered  to  correspond)  at  the  instant  current 
at  B  is  flowing  to  the  choke  coil.  The  dotted  line  ".9"  indicates 
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the  values  of  the  currents  at  the  instant  current  at  B  is  flowing 
awav  from  the  coil. 


Fig.  3 
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These  rectifiers  are  used  commercially  for  charging  batter- 
for  electric  automobiles,  batteries  for  use  with  pipe  organs, 
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and  batteries  for  ignition  outfits.  Their  main  advantage  is  low 
first  cost.  The  disadvantages  are  poor  efficiency  and  large  size. 
The  efficiency  is  about  60  per  cent,  as  a  maximum.  50  per  cent, 
being  a  good  commercial  efficiency.  As  to  size,  a  rectifier  for 
continuous  operation,  delivering  three  amperes,  requires  alumin- 
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ivm  plates  of  twenty  square  inches  each,  and  an  iron  plate  of 
from  seventy-five  to  one  hundred  square  inches,  besides  which 
the  cell  must  have  a  radiating  surface  of  from  three  to  four 
square  feet.  This  radiating  surface,  unless  some  device  for  cool- 
ing is  used,  is  essential,  as  the  efficiency  drops  rapidly  with  a 
rise  in  temperature.  The  power  factor  is  never  above  90  per 
cent.,  but  is  not  necessarily  low,  if  the  rectifier  is  fully  loaded. 
The  maximum  voltage  that  can  be  used  per  cell  is  about  one  hun- 
dred and  seventy-five  volts.  Above  this  voltage  the  breakdown 
voltage  of  the  film  is  reached.  The  breakdown  voltage  may  be 
increased  by  a  chan2;e  of  the  electrolyte,  but  this  lowers  the  effi- 
ciency of  the  cell. 

As  a  cheap  and  good  means  of  charging  a  few  storage  bat- 
tery cells  from  an  alternating  current  supply,  the  aluminium  rec- 
tifier seems  to  s:ive  srood  satisfaction. 


SEWAGE  EFFLUENTS  AND  PUTRESCIBILITY. 

T.  A.  DALLYN,  B.A.  Sc. 

Engineer  in  charge  Ontario  Board  of  Health  Experimental  Station. 

The  subject  under  discussion,  "Sewage  Effluents  and  Put- 
rcscibility,"  is  one  to  which  our  attention  is  being  constantly  at- 
tracted as  Canada  —  more  especially  our  Province  —  becomes 
more  and  more  thickly  populated. 

As  our  friend  and  professor — Dr.  Ellis — has  told  us,  there 
v.-as  a  time  when  one  might  conveniently  dispose  of  all  refuse  by 
throwing:  it  out  of  the  window  or  around  the  back  entrance.     In- 
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deed,  it  is  only  some  fifty  years  since  such  was  the  custom  in 
many  places  in  Eng-land.  In  many  of  the  fishing  villages  the  ac- 
cumulation of  trade  refuse,  such  as  offal,  was  such  as  to  make 
our  present-day  aesthetic  standards  stand  back  in  fearsome  hor- 
ror. As  was  natural  in  conditions  such  as  these,  due  to  careless- 
ness and  lack  of  all  sanitary  precautions,  disease  and  epidemics 
abounded.  It  was  also  natural  for  the  sanitarians  of  that  day, 
when  the  theor}^  of  the  spontaneous  generation  of  the  organisms 
of  putrefaction  held  sway,  to  believe  that  these  rotting  masses 
also  produced  the  cause  of  the  epidemics,  the  bacterial  organ  of 
disease  being  as  yet  only  dimlj'  suspected  by  some  few  workers 
in  surgery. 

We  find  many  references,  at  this  date,  to  the  atmospheric 
ccnditions  during  these  epidemics,  and  lengthy  assertions  upon 
the  effect  of  the  night  vapours.  Science  and  observation  have 
since  taught  us  that  while  these  conditions,  when  prevailing  for 
a  considerable  period,  ma}'^  lower  one's  resistance  to  bacterial  in- 
vasion, yet  they  themselves  are  not  the  primary  cause  of  the  dis- 
ease. Looking  back,  one  may  see  many  ways  in  which  such  con- 
ditions may  affect  the  life  of  a  community:  (i)  Drought  lessen- 
ing the  dilutions  of  stream  contamination;  (2)  Seasonal  migra- 
tions to  the  upper  reaches  of  streams  which,  lower  down,  act  as 
water  supplies ;  (3)  Stagnation  of  streams,  with  the  subsequent 
production  of  algae  growths  forcing  whole  communities  to  seek 
for  other  sources  of  supply  where  these  secondary  sources  may 
receive  graver  contamination  than  the  neglected  one.  Extent 
of  turbidity  and  taste  are  not  good  nor  safe  guides  to  a  hvgienic 
\^'ater  su])ply. 

Pasteur,  in  his  work  on  yeasts  and  ferments  (1862).  discov- 
ered a  method  by  which  he  could  sterilize  all  manner  of  putre- 
factive material  by  heat.  Then  using  vessels  that  could  be  seal- 
ed while  the  contained  fluid  was  still  sterile,  he  demonstrated  the 
keeping  (lualities  of  the  i:)utre.-cible  material.  This  demonstra- 
tion was  the  gra\-estone  of  the  "theory  of  spontaneous  genera- 
tion," and  the  foundation  of  the  latter  work  in  l>acteriolog^^  Like 
I'asteur,  if  we  are  to  accomplish  much  along  sanitarv  lines,  we 
must  have  results  to  back  up  our  theories.  For  example,  if 
I  lypo-chlorite  is  an  efficient  sterilizer,  we  must  see  a  reduction 
in  water-borne  typhoid  infection;  in  other  words,  we  must  look 
to  our  death  rate  reduction:  with  that  jiroof  in  hand,  we  need 
bttle  else.  Now,  as  a  matter  of  fact,  1  lypo-chlorite  is  a  good 
disinfectant.  Vet,  until  it  was  used  in  fairly  large  quantities.  .6 
parts  per  million,  no  aDijrec'able  effect  was  shown  on  Toronto's 
typhoid  rate.  Xow.  laboratory  ex])enments  would  indicate  that 
the  use  of  0.6  jjarts  of  available  chlorine  was  unnecessary,  and 
that  0.35  parts  would  l)e  just  as  effective;  but  the  jiractical  de- 
monstration showed  very  different  results.  Whether  this  was  due 
to  lack  of  data  or  insufficient  measin-emcnts  of  water  consump- 
tion, the  author  is  not  aware,  but  the  facts  are  as  stated.     Hence 
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in  carrying-  on  disinfection  experiments,  one  must  not  place  too 
great  confidence  upon  the  laboratory  side,  except  as  indicators. 
The  place  to  look  for  the  effect  of  your  operations  is  on  your 
slieets  showing  presence  of  typhoid,  cholera,  and  other  water- 
carried  infections.  You  have  had  good  reason  to  know  that  0.6 
parts  available  chlorine  impart  a  very  objectionable  taste  to  the 
water.  It  is  this  objectionable  feature,  in  connection  with  disin- 
fection of  water  supply,  that  brings  us  back  to  our  original  sub- 
ject. 

If  we  can  not  readih-  sterilize  without  objectionable  tastes 
a  highly  polluted  drinking  water,  then  we  must  get  after  the 
causes  of  this  pollution  and  disinfect  it  in  such  manner  that  sub- 
sequent dilutions  will  remove  all  traces  of  the  objectionable  tast- 
ing disinfectant  used. 

Slow  sand  filters  have  done,  and  are  doing,  si)lendid  work, 
but  they  are  rather  expensive  to  operate  when  high  degrees  of 
bacterial  purification  are  required.  Especially  is  this  true  where 
a  lake  water,  such  as  that  of  Lake  Ontario,  is  used,  which  car- 
ries a  very  fine  sand  in  suspension  during  .storms.  The  water 
when  in  this  condition  may  plug  a  filter  up  in  three  or  four 
hours.  Then  it  becomes  a  race  to  keep  enough  filters  clean  to 
supply  filtered  water  to  the  community.  If  the  water  was  known 
to  be'fairly  safe  (i.e.,  all  large  polluting  streams  disinfected),  fil- 
ters of  different  size  sand  could  be  adopted  which  would  lessen 
the  frequency  of  cleaning,  and  allow  the  use  of  various  mechan- 
ical devices  to  assist  in  removing  the  clogging  surface — devices 
which,  under  ordinary  requirements  of  filters,  are  prohibited  be- 
cause they  either  remove  too  much  sand  or  else  remove  too  much 
of  the  fine  sand  used  in  the  filter  bed. 

Of  course,  we  cannot  provide  for  all  the  various  agencies  by 
Vv'hich  pollution  occurs,  but  we  can  at  least  get  after  those  which 
are  so  apparent  as  sewage  efiluents.  Gentlemen,  you  and  I  are 
the  men  that  must  see  to  it.  If  we  who  possess  the  knowledge 
of  the  evil  and  the  cure,  do  not  agitate  and  insist  on  its  use,  then 
v/ho  will  ?  We  surely  cannot  leave  it  to  some  happy  shots  of 
the  reporters  of  our  daily  papers— for  with  conditions  varying  as 
they  do  in  dift'erent  places,  the  remedy  must  vary  also.  There 
is  no  cure-all.  as  some  of  our  political  newspapers  would  have 
UP  believe.  There  must  be  careful  investigation,  the  judicious 
use  of  research  laboratories  and  scientific  e])idemiological  field 
work,  not  onlv  in  one  community,  but  in  all.  ( )ur  municipal 
Boards  of  Health  are  trying  to  do'  wliut  they  can  with  incfticicnt 
and  under-equipped  laboratcn-ics,  but  without  the  backing  of  the 
men  who  ought  to  know — the  doctors,  chemists  and  engineens — 
how  can  they  go  to  the  electors  and  councils  to  ask  for  the  ne- 
cessary funds  ?"  Gentlemen,  you  may  not  care  to  put  your  life  in- 
to sanitary  work,  but  you  can,  and  ought  to.  at  least  keep  in 
touch  with  it  and  give  it  vour    scientific    a])proval  when  circum- 
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stances  permit,  so  that  the  public  will  at  least  know  upon  whose 
shoulders  the  respo!isibility  lies. 

In  examining-  the  results  of  the  English  analysis  of  sewage 
and  sewage  effluents,  one  is  astonished  to  see  the  confidence  with 
which  systems  are  advanced  upon  the  results  of  weekly  and 
monthly  analyses.  It  is  only  recently  in  our  Canadian  Engineer 
we  had  published  a  lengthy  recommendation  of  the  De-Clor 
process.  Their  experimental  plant  was  in  operation  for  twenty- 
one  weeks,  and  in  that  time  only  twenty-one  samples  were  tak- 
en.    Does  that  not  strike  you  as  strange  ? 

The  article  lays  special  emphasis  on  the  removal  of  B.  Coli. 
so  that  it  occurs  only  in  100  c.c.  sample  in  the  effluent,  whereas  in 
the  prefiltered  water  it  was  present  in  1-10  c.c.  samples  (i.e.,  a  re- 
moval of  999  in  1.000)  the  bacterial  count  only  showed  a  remov- 
al of  general  bacteria  88.^  in  1.000.  Such  results  as  these  call  for 
inquiry  as  to  whether  the  removal  of  B.  Coli  is  greater  than  for 
general  water  bacteria.  The  experiments  at  Mass.  Institute  of 
Technology  indicate  that  it  is  about  the  same,  and,  if  anything, 
a  trifle  lower.  I  want  you  to  notice  this  point  because  it  was 
further  illustrated  last  fall  by  some  rather  curious  results  which 
came  to  my  notice.  The  City  Hall  were  making  Bacterial  ana- 
lyses every  second  da\'.  I  believe,  on  tap  water  to  detect  B.  Coli 
—sewage  contamination.  The  Experimental  Station  was  mak- 
ing analyses  three  times  each  day  for  purposes  in  connection 
v.ith  some  experimental  filters.  Now.  while  the  average  of  the 
every  two-day  set  of  analyses  was  not  unlike  that  of  the  city  for 
those  days,  the  average  of  the  three  analyses  a  day  was  altoge- 
ther diflferent  and  showed  heavy  contamination.  I  am  using  this 
only  by  way  of  illustration  of  the  point  in  question,  namely,  the 
value  of  frequency  of  analysis.  It  certainly  makes  a  difference 
in  bacterial  work,  and  unless  we.  as  scientifically  trained  men, 
know  these  things  and.  by  knowing  them,  modify  public  opinion. 
a  great  amount  of  money  is  to  be  wasted  in  costly  and  inefficient 
apparatus.  Remember,  I  am  not  saying  the  De-Chor  process 
is  inefficient — in  fact,  I  like  the  idea.  I  am  only  saying  that  the 
pr.blishcd  test  was  not  extensive  enough  and  somewhat  mislead- 
ing. 

In  sewage  disposal  there  i^.  as  a  rule,  two  outstanding  prob- 
lems. (I)  Disposal  of  trade  refuse;  (2)  Disposal  of  domestic 
and  factory  sewage. 

Now.  there  is  no  good  reason  why  that  trade  refuse  item 
should  not  be  fought  out  with  the  manufacturers.  Trade  refuse 
is  industrial  waste.  Take,  for  example,  an  instance  in  our  own 
city  here — that  of  the  Harris  Abattoir  plant.  At  one  time  there 
was  such  a  nuisance  from  their  operations  that  the  City  Fathers. 
I  believe,  gave  them  notice  to  either  remove  the  nuisance  or 
shut  down.  They  removed  the  nuisance  and  made  a  j^rofit  out 
o1  the  waste.  Now  we  have  nothing  entering  our  sewers  from 
this  ])lant  save  fluids  from  which    even    the    grease    that    comes 
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from  washing  the  floors  has  been  extracted.  What  they  have 
done  under  splendid  management  can  be  done  by  any  other  sim- 
ilar plant  under  equally  efficient  management. 

With  many  other  industrial  wastes  the  problem  is  as  yet  un- 
solved, leaving-  splendid  opportunities  for  research  work  under 
the  direction  of  our  faculty  and  among"  our  graduates.  Once  the 
problem  of  trade  wastes  in  a  given  centre  has  been  partly  solved 
it  becomes  a  simpler  matter  to  handle  and  purify  the  Domestic 
Sewage. 

At  present  we  have  many  processes  for  nitrifying-  sewage. 
From  sewage  farms  and  intermittent  filter  plants  under  proper 
management  come  splendid  statistics,  the  sludge  is  digested,  the 
effluent  is  clear  and  stable,  only  recjuiring  disinfection  as  a  final 
touch. 

The  question  to  which  I  would  like  to  draw  your  attention 
particularly  is  still  in  the  embryonic  form  as  yet.  but  I  bring  it 
rather  as  a  student  to  students,  since  it  seems  to  me  to  be  full  of 
possibilities,  especially  for  our  Great  Lake  cities.  I  think  we  are 
generally  agreed  that  in  this  enlightened  age  disinfection  is  a  ne- 
cessary feature  of  all  sewage  disposal  problems.  (\)  Because  it 
is  not  so  very  expensive  ;  (2)  The  benefits  to  l)e  derived  are  very 
great  indeed  in  proportion  to  the  expense. 

Assuming  disinfection  necessary,  can  we  not  do  awav  with 
this  laborious  nitrification,  where  large  bodies  of  water  are  avail- 
able for  dilution  ?  If  no  ])rocess  of  purification  and  no  disinfec- 
tion is  used,  then  we  get  conditions  such  as  we  have  in  our 
shameful  Toronto  Bay.  This  is  not  sanitary,  nor  is  it  a  credit  to 
any  communit}^  in  this  twentieth  century.  Suppose  we  remove 
the  suspended  solids  present  in  sewage  by  some  process  of  sedi- 
mentation or  chemical  preciuitation  and  then  disinfect  the  efflu- 
ent, will  the  effluent  be  stable  in  dilution  ?  That  is  the  question. 
In  the  present  paper  I  onlv  wish  to  call  to  your  attention  some 
o^  the  outstanding  facts. 

(T)     We  are  seeking  disinfection,  not  absolute  sterilization. 

(2)  For  stability,  such  that  further  putrification,  if  any. 
will  take  place  only  in  aerobic  conditions. 

Disinfection  is  limited  to  the  remo\al  of  pathogenic  organ- 
isms. Of  course,  in  process  of  doing  this,  we  remove  some  99.9 
per  cent,  of  the  saprophitic  bacteria,  normally  found  in  purtres- 
ihle  solutions,  at  the  same  time.  Dunbar  (1908)  claims — and  is 
no  doubt  right  to  within  certain  limits — "  that  by  far  the  larger 
percentage  of  pathogenic  micro-organisms  are  enclosed  in  gela- 
tinous masses  and  attached  to  susjjcnded  matter."  It.  of  course, 
is  dependent  upon  the  grade  and  rate  of  flow  in  your  sewers  whe- 
ther these  conditions  exist  at  the  disposal  works. — "  Hence  any 
process  Avhich  removes  suspended  matter  removes  also  a  large 
percentage  of  the  pathogenic  bacteria  at  the  same  time."  "  In 
some  experiments  on  the  removal  of  suspended  matter  in  Ham- 
burg River  water,  a  removal  of  30  per  cent,  of  suspended  matter 
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gave  a  corresponding  removal  of  l^acteria,  and  this  would  be 
much  more  so  in  case  of  pathogenic  bacteria  in  sewage."  Some 
experiments  of  our  own  with  Garrison  Creek  sewage  have  failed 
to  show  such  good  results.  This  sewer  is  laid  on  a  considerable 
grade  and  has  a  velocity  of  between  ten  and  fifteen  feet  per  sec- 
ond, so  that  suflficient  disturbance  is  created  to  largely  remove 
bacteria  from  any  such  attachments.  However,  our  experiments 
hcive  hardly  been  extensive  enough  to  speak  dogmatically  as  yet. 
There  is  no  doubt  that  in  chemical  precipitation,  where  the  co- 
asfulants  are  of  a  colloidal  nature,  some  good  results  should  be 
obtained  in  removing  a  considerable  percentage  of  pathogenic 
bacteria.  Generally  speaking,  pathogenic  bacteria  may  be  ex- 
pected to  be  more  sensitive  to  disinfection  than  the  saprophitic 
forms. 

One  may  raise  the  question  of  operation  of  disinfection  u])on 
bacteria  in  spore  formation.  Fortunatelv.  very  few  pathogenic 
bacteria  are  soore  formers,  and  sewase  is  not  a  media  in  which 
spore  formation  is  likelv  to  occur  if  it  has  not  already  taken 
place.  There  is  one.  however,  that  mav  be  mentioned.  That  is 
Enteriditas  Sporogenes.  a  bacterium  which  some  investigators 
claim  gives  rise  to  Diarrhoea,  especially  when  present  in  milk 
given  to  young  infants.  This  form  is  almost  always  present  in 
sewage,  and  gives  a  fermentation  reaction  similar  to  B.  Coli. 
The  odors,  however,  are  entirely  dififerent.  This  form  has  been 
recovered  from  sterilized  sewage — by  sterilization  I  mean  disin- 
fection a  removal  of  99.99  ver  cent,  of  bacteria,  say  a  count  of  1,- 
000.000  being  reduced  to  200  and  186 — which  is  a  practical  possi- 
bility) so  that  we  have  reason  to  bel'e\'e  it  is  more  resistant  than 
normal  to  chlorine.  It  is  an  anaerobic  bacterium,  and  this  is  no 
doubt  why  it  lias  been  overlooked.  If  we  were  to  take  a  known 
positive  sam])le  and  inoculate  eight  fermentation  tubes,  we  might 
only  get  four  or  five  positives  to  show  m.  due  possibly  to  the 
fact  that  anaerobic  conditions  varied  in  the  several  fermentation 
tubes.  However,  this  is  a  little  aside  from  the  general  cpiestion, 
where  there  is  every  reason  to  believe  that  forms  such  as  B.  Ty- 
phoid are  entirely  killed  cnit,  and  thev  are  the  ones  tn  which  most 
attention  has  been  directed. 

In  some  experiments  of  our  own.  1.2  parts  ])er  million  A. 
Chlorine  served  to  kill  out  one  million  liacteria  (suspended  in 
water)  so  that  the  water  became  sterile  in  55  minutes.  Of  course, 
organic  matter  has  an  efifect  on  chlorine  usually  from  eight  to 
ten  parts  per  million  are  retpiired  to  practically  sterilize  Garrison 
Creek  sewage  in  one  hour.  These  results  are  borne  out  also  by 
the  work  of  Earle  1'..  Pheb)  at  Boston  some  few  years  ago 
(1906).  T  think  we  may  justly  assume  that  the  pathogenic  bac- 
teria are  almost  entirely  removed,  espec'ally  where  sedimentation 
or  fine  screen.ing  have  been  used  ])revious  to  disinfection.  It  is 
worth  nothing  that  H.,S  reacts  readily  with  chlorine.  I LS  is 
not  as  a  rule  present  in  raw  sewage  except  as  a  trade  waste  from 
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tanneries.  But  it  is  very  much  present  in  se;;tic  effluents — due  to 
the  decompositions  of  the  proteids  present,  no  doubt.  Hence  it 
is  more  economical  to  add  chlorine  to  raw  sewage  than  to  septic 
tank.  There  are  other  reasons  also  why  disinfection  is  prefer- 
able before  septic  treatment,  such  as  the  growth  of  anaerobic  bac- 
teria, etc.     Septic  treatment  is.  of  course,  unnecessary  where  we 


Water 

Sewage  1-10  dilution 

Chlorine 

3  to  10 

6..5  to  11..T 

Nitrate? 

.4.5  to  4.V5 

Raw  Sewage  .04  and  less 
Nitrified  "     0.3  to  3.0 

Nitrites 

.0135  and  less 

R.  Sewag-e  .01  and  le^s 
N.  Sewage  .3 

Free 
Ammonia 

.06.;  to  .0(w 

R.  Sewage  3.9  to  1.0 
N.  Sewage  .19  to  .01 

Album 

Ammonia 

.066  to  .0117 

R.  Sewage  .6.5  to  .01 
N.  Sewage  .01  and  less 

Note. — Values  in  Table  a  little  high  for  sewage 
and  a  little  low  for  river  water. 

are  using-  sedimentation  tanks,  and  has,  I  think,  been  generally 
abandoned  in  favor  of  them,  where  large  plants  have  been  'n- 
stalled.  Before  leaving-  disinfection,  let  us  remember  one  thing- 
more,  that  is,  that  the  chlorine  deodorizes  the  sewage,  so  that  if 
it  be  discharged  two  hours  after  disinfection  we  have  ( 1 )  no 
odor,  or,  at  least,  very  little,  (2)  the  bacterial  count  per  cc.  vary- 
ing from  100  to  500.' 

If  you  will  notice  the  acc()m])anying"  table,  some  must  ob- 
serve that  sewage  in  dilutions  nf  1-10  shows  very  little  worse 
than  a  normal  river  water.  It  has,  in  fact,  been  offered  to  some 
Er:gli"-h  investig-ators  as  pure  water.  I  do  not  recommend  it  my- 
self without  thorough  disinfection,  which  they  oxerlooked  with- 
C)Ut  serious  consequences. 

Having  noticed  the  constituents  of  a  dilute  disinfected  sew- 
age, we  may  turn  to  its  possible  stability. 

(1)  We  know  that  even  this  dilute  sewage  will  serve  to 
support  high  bacterial  growths,  but  experiments  have  only  been 
made  at  laboratory  temperatures,  that  is,  18°  C.  and  37°  C. 
Xow.  the  normal  for  Lake  Ontario  is  about  7.5°  C.  to  9°  C.  in 
summer,  except,  for  surface  waters,  which  may  run  to  16°  C.  With 
them,  however,  we  have  storms,  and  consec|uently  higher  dilu- 
tions. Then  again  these  subsequent  growths  must  take  i)lace  in 
an  aerobic  media.  In  this  connection.  I  would  like  to  call  your 
attention  to  several  theories  with  regard  to  |)utrifaction.  (1)  A 
known  fact  is  that  obnoxious  putrifaction  takes  place  only  in 
media  where  the  supply  of  oxygen  is  exhausted,  when  we  have 
such  productions  as  HsS  and  XH..,  formed,  which  otherwise 
becomes  SO^  radicals  and  nitrates.  (2)  These  operations  only 
take  place  due    to    very    high    bacterial    counts.     Alfred  Fischer 
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(1900)  states  in  his  work.  -  The  Structure  and  Functions  of  Bac- 
teria." the  following  (see  pages  99  and  100)  : 

"P'utref action  is  a  purely  biochemical  process,  and  can  only 
take  place  when  the  fundaniental  conditions  for  all  vital  action 
are  fulfilled.  If  the  temperature  sinks  below  a  certain  point,  or- 
ganic substances  cannot  putrify,  as  was  well  shown  by  the  froz- 
en Siberian  mammoths.  When  discovered,  their  flesh  was  so  lit- 
tle changed  that  it  was  eaten  by  the  hunters'  dogs;  yet  it  must 
have  lain  in  nature's  refrigerators  for  countless  centuries.  In  all 
methods  of  preservation  the  fundamental  principle  is  the  same, 
namely,  to  create  such  conditions  that  bacteria  cannot  live ;  for 
putrefaction — the  splitting-up  of  the  nitrogenous  constituents  of 
organic  matter — is  the  work  of  bacteria,  and  of  bacteria  alone. 

"  The  list  of  putrefactive  products  is  far  from  being  corn- 
plete,  for  even  the  qualitative  investigation  of  the  processes  is 
still  unfinished  ;  quantitative  analyses  are  at  present  impossible. 
We  do  not  know,  for  instance,  what  determines  the  predomin- 
ance of  one  or  the  other  intermediate  product.  The  effects  of 
the  presence  of  oxygen  are  somewhat  better  understood.  If  air 
have  free  access,  putrefaction  may  go  on  without  any  odor  at 
all,  the  evil-smelling  gases  (XH,  and  HoS  for  example)  being 
oxidized  at  once  to  form  nitrates  and  sulphates.  Aerobic  bacte- 
ria, too,  bring  about  this  mineralization  of  organic  matter,  such  as 
the  nitre  and  sulphur  bacteria.  ^Moreover,  when  air  is  circulat- 
ing freely  there  is  no  accumulation  of  intermediate  products  such 
as  skatol  or  indol.  This  kind  of  decomposition  proceeding  with- 
out oft'ensive  smell,  may  he  termed  decay,  as  distinguished  from 
putrefaction." 

Now.  do  }()u  see  where  we  have  arrived  at  in  our  theoriz- 
ing ?  If  we  kill  out  those  forms  causing  anaerobic  putrefaction 
by  disinfection  and  change  of  media  so  that  only  aerobic  decay 
can  take  place,  have  we  not  arrived  at  a  condition  similar  to  the 
ordinary  respiration  of  plants  and  animals,  where  energ>'  is  ob- 
tained from  the  combustion  of  a  few  molecules  instead  of  that 
present  in  septic  tanks,  where  the  energy  is  derived  from  the  in- 
ccmplete  combustion  of  many  molecules  ? 

Gentlemen,  it  seems  to  me  we  have  a  theory  here  that  is 
worthy  of  investigation,  and  I  hope  at  some  future  date  to  give 
you  some  of  the  ex])eriments  that  will  1)c  adopted  in  trving  it  out. 
and  our  results  therefrom. 


AERIAL  NAVIGATION. 

CHARLES  H.  MITCHELL,  C.E. 

When  asked  by  the  President  of  the  Engineering"  Society 
of  Toronto  University  to  prepare  a  paper  for  the  Society  on 
the  progress  of  aerial  navigation  the  writer  was  inclined  to  seek 
an  excuse  in  press  of  other  work.  It  occurred  to  him,  however, 
that  it  was  due  the  Society  about  this  time  to  present  a  review 
of  the  development  and  progress  of  aerial  navigation,  as  arising 
out  of  his  paper  on  "Aerial  Mechanical  Flight,"  read  before  the 
same  Society  in  January,  1895,  and  printed  in  Vol.  8  of  the  Soci- 
ety's proceedings.  This  paper  was  a  resume  of  the  science  and 
art  of  aerial  mechanical  flight — if  art  it  was — up  to  that  time, 
and  was  compiled  from  all  the  sources  of  information  then  ob- 
tainable, which  were  scarce,  indeed. 

The  principles  enunciated  in  this  early  paper  are  now  of 
especial  interest  in  the  light  of  the  intervening  history  of  aerial 
navigation  and  of  the  recent  extraordinary  successful  operations 
of  "heavier  than  air  machines."  The  chances  of  the  commercial 
development  of  mechanical  aeroplane  flying  machines  based 
upon  the  "everyday  principles  underlying  the  kite,  the  boomer- 
ang or  the  skater  on  thin  ice"  were  then  carefully  studied  and 
it  was  stated  that  "the  perfection  of  aerial  flight  will  come  gradu- 
ally, as  did  other  perfected  inventions  which  have  revolutionized 
the  whole  world.  We  cannot  look  for  any  one  man  to  thor- 
oughly solve  the  problem,  but  it  will  be  evolved  from  many 
sources,  and  these  will  at  last  contrilnite  to  the  one  long  desired 
end."  To  still  further  quote  this  earh^  academic  brochure  of 
sixteen  years  ago,  the  following  significant  enumeration  of  the 
requisites  for  a  flying  machine  was  made: — 

"i.  Its  various  parts  and  members  must  be  of  the  lightest 
construction  compatible  with  strength  and  stiffness,  and  the 
factor  of  safety  must  be  large. 

2.  Its  general  configuration  must  be  economical  for  space 
and  convenience  and  present  the  least  possible  resistance  to 
the  air. 

3.  It  must  be  capable  of  rising  gently  but  swiftly  and 
supporting  itself  in  the  air  in  storm  or  calm  for  a  length  of 
sion." 

4.  It  must  have  stability  and  be  incapable  of  upsetting. 

5.  Should  be  easily  steered  in  any  direction. 

6.  Provided  with  a  means  of  rapid  and  powerful  i)roi:)nI- 
sion. 

And  the  sentence  is  added:  "This  enumeration  may  appear 
highly  idealistic,  but  the  practical  possibility  is  mucli  clearer 
than  is  generally  supposed." 

That  was  sixteen  years  ago.  It  is  needless  to  now  draw 
attention  to  the  present-day  parallels  of  these  requisites,  or  to 
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ask  to  what  extent  they  are  fulfilled  in  to-day's  aeroplane  prac- 
tice. But  the  art  is  only  in  its  infancy,  and  who  knows  what 
another  sixteen  years  will  bring  about?  This  is  perhaps  even 
harder  to  conceive  when  the  progress  of  building  and  flying 
aeroplanes  during  the  past  three  years  is  considered  in  the 
course  of  the  general  evolution. 

The  purpose  of  this  paper  is  to  briefly  outline  the  develop- 
ment of  aerial  navigation,  especially  in  mechanical  flight,  dur- 
ing the  past  few  years,  and  to  present  some  slight  description 
of  present-day  uses  and  possibilities — particularly  from  a  prac- 
tical viewpoint. 

Although  primarily  dealing  with  flying  machines  heavier 
than  air.  it  is  interesting  to  note  historically  the  singular 
parallel  evolution  of  the  dirigible  balloon  which  has  almostkept 
pace  with  that  of  the  aeroplane. 

It  is  convenient  to  distinguish  between  the  various 
classes  of  air  craft  according  to  their  nature  and  functions.  The 
most  recent  classification  is  about  as  follows: — 

I.  Craft  lighter  than  air:  "'Aerostatic." 

1.  Kites — 

Simple. 

Man-lifting  kites. 
Balloon   kites. 

2.  Balloons — 

Captive. 
Free. 

3.  Dirigible  balloons — • 

Non-rigid  types. 
Semi-rigid   types. 
Rigid  types. 

II.  Craft  heavier  than  air:  '"Aerodynamic." 

1.  Aeroplanes — 

^lonoplanes. 
Bi-planes. 

2.  Helico]3teres — 

^>rticaI    lift   machines. 

3.  Combined   dirigibles  and  aero])lanes. 

While  the  main  attention  herein  is  given  to  dirigible 
balloons  and  to  craft  which  are  heavier  than  air.  a  few  w^rds 
■may  be  said  in  passing  with  regard  to  the  cmplovmcnt  of  kites 
and  captive  balloons,  especially  in  warfare. 

Kites. 

Kites  have  been  developed  considerably  in  the  British 
Army  and  Navy  and  on  account  of  their  cheapness  and  com- 
pact form  for  transportation,  have  ])roduced  very  good  results 
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in  the  field.  It  appears  that  man-lifting-  kites  have  been  very 
snccessftilly  operated  from  ships  and  lately  Major  Baden- 
Powell  has  worked  out  a  system  for  using  explosive  kites 
against  air  ships.  The  man-lifting  balloon  kite,  which  is  a 
combination  of  a  small  gas-bag  and  a  second  bag  open  freely 
to  the  air,  has  been  developed  considerably  by  the  Germans, 
and  has  been  used  extensively  in  their  manoeuvres. 

Captive  Balloons. 

The  captive  balloon  is,  of  course,  familiar  to  all  for  pur- 
poses of  general  observation,  signalling,  directing  gun  tire  and, 
recently,  at  sea,  for  the  detection  of  submarine  attack.  It  would 
appear  that  notwithstanding  the  rapid  introduction  of  aero- 
planes and  dirigibles  the  captive  balloon  and  kite  will  still  re- 
main a  useful  means  of  observation  both  on  land  and  sea  for 
some  time  to  come. 

Dirigible   Balloons. 

Although  many  early  attempts  were  made  to  propel  bal- 
loons, no  real  success  was  made  until  the  recent  develo]:)ment 
of  the  light,  but  powerful  automobile  engine.  After  types  of 
these  engines  became  established  their  various  applications  to 
aerial  navigation  was  most  quickly  taken  advantage  of  with  the 
recent  remarkable  results. 

A  German  named  Schwartz  is  credited  with  driving  the 
first  rigid  airship  with  a  gasoline  motor,  which  was  12  h.p.  His 
ship,  however,  was  wrecked  after  several  successful  trials.  This 
was  in  1897.  In  1898  Count  Zeppelin  came  on  the  scene  with  a 
rigid  type,  having  an  aluminum  frame  and  gas  bags  between 
an  inner  and  outer  envelope — built  in  gas-proof  compartments 
as  it  were.  It  was  a  large  vessel  300  feet  long-,  driven  with  two 
gasoline  motors,  each  geared  to  two  propellers.  Though  he 
secured  a  still  air  speed  of  16  miles  per  hour,  there  were  many 
defects  found  and  the  attem.pt  was  temporarily  given  up,  but 
patriotic  Germans  came  forward  in  these  discouraging  days 
with  money  to  build  a  second. 

In  1902  Santos  Dumont,  in  a  non-rigid  cigar-shaped  bal- 
loon, performed  the  first  really  signal  dirigible  feat  by  circling 
around  the  Eiffel  Tower  in  Paris,  winning  a  prize  of  $20,000. 
This  year  also  saw  the  first  work  of  the  Lebaudy  brothers,  who 
brought  out  a  semi-rigid  type  by  which  the  bending  and  buck- 
ling strains  are  taken  off  the  gas  enx'elope  by  a  metallic  keel ; 
this  was  propelled  by  a  35  h.p.  motor.  This  vessel  was  wrecked 
in  1903  after  doing  some  50  successful  tri])s,  the  longest  being 
62  miles  at  22  miles  per  hour  average.  P.ut  this  was  the  start 
of  the  great  French  airship  fleet,  for  shortly  afterwards  the 
French  Army  adopted  a  similar  type,  and  after  several  successr 
ful  ships,  the  "Patrie"  was  launched  in  1906,  and  in  1907  was 
used  in  the  manoeuvres,  doing  a  trip  from  Paris  to  the  frontier. 
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a  distance  of  150  miles,  at  22  miles  per  hour.  Shortly  after. 
however,  the  "Patrie"  was  wrenched  from  her  moorings,  blown 
away  and  lost  on  the  North  Atlantic.  This  w^as  followed  by 
the  "Republique."  the  largest  of  the  semi-rigid  type  yet  built, 
having  cylindrical  stablizing  gas  bags  at  the  stem;  she  was  210 
feet  long,  had  an  80  h.p.  engine,  a  range  of  action  of  500  miles 
and  could  carry  nine  men.  In  1908  she  did  147  miles  at  21  miles 
per  hour. 

In  the  meantime  Count  Zeppelin  had  succeeded  in  his  sec- 
ond ship,  which  was  tested  in  1906.  but  was  wrecked  by  a  storm. 
This  was  shortly  followed  by  a  third,  and  in  1908,  by  a  fourth 
much  more  powerful  than  its  predecessors.  This  "Zeppelin 
IV."    was   built     on    special     specifications     of    carrying   power, 
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speed,  endurance ;  she  was  446  feet  long,  had  two  ^Mercedes  mo- 
tors of  120  h.p.  each,  carried  a  crew  of  18  men.  and  her  esti- 
mated range  of  action  was  800  miles.  One  special  feature  was 
the  arrangement  of  the  16  independent  gas  bags  within  the 
envelope.  This  airship  was  tried  out  in  numerous  preparatory 
short  trips  before  the  official  government  trial,  by  which  the 
airship  was  to  carry  16  men  and  be  capable  of  travelling  for  24 
hours.  In  one  of  these  trials  in  June.  1^)08,  "Zeppelin  IV."  went 
across  the  Alps,  doing  in  12  hours  a  total  of  270  miles  at  an 
average  speed  of  22  miles.  In  August  of  the  same  year  an  event- 
ful attempt  in  which  the  ship  again  travelled  a  distance  of  270 
miles  at  an  average  of  24  miles  per  hour,  resulted  in  its  com- 
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plete  wreck  by  explosion  and  fire  ;  this  accident  could  not  have 
occurred,  it  is  said,  had  there  been  apparatus  for  properly 
anchoring-  the  vessel  to  the  ground  while  at  rest. 

The  same  year  two  other  successful  German  dirigible  air- 
ships, the  "Gross"  and  the  "Parseval,"  both  military  ships,  made 
their  appearance,  the  former  remaining"  aloft  for  13  hours,  and 
reaching  an  altitude  of  4,000  feet,  and  the  latter  for  12  hours. 

In  1909  dirigible  airships  of  the  foregoing  types  performed 
many  successful  and  extraordinar}^  flights.  France  put  four 
notable  new  ships  out — similar  to  the  "Republique."  The  lat- 
ter vessel,  while  going-  to  the  French  Army  manoeuvres,  met 
with  an  accident  wdiich  was  promptly  repaired  by  the  Airship 
Corps  of  their  army  in  the  field  under  virtual  war  conditions. 
This  field  repair  marked  a  new  step  in  progress.  The  ship  was 
used  in  the  manoeuvres  and  did  very  useful  intelligence  work, 
particularly  discovering-  a  wide  turning  movement  of  its  oppon- 
ents. The  "Republique"  was  completely  wrecked  by  the  break- 
ing of  a  steel  pro])eller  blade  in  Se])teniber,  and  the  crew  of 
four  killed. 

In  Germany  1909  saw  remarkable  performances  of  the  new 
Zeppelin's,  the  "Gross"  and  the  "Parseval."  The  former  made 
a  round  trip  of  800  miles,  including  the  sailing  over  Berlin,  and 
this  placed  the  Zeppelin  far  ahead  of  all  rivals.  The  work  of 
four  airships  at  the  German  military  manoeuvres  that  year  was 
extensive,  and  though  no  information  was  given  out  it  is  known 
from  attaches'  reports  that  exceedingly  useful  work  was  accom- 
plished. One  interesting  operation  was  a  night  attack  against 
the  fortress  of  Ehrenbreitstein  on  the  Rhine  near  Coblenz,  in 
which  several  ships  were  employed. 

During  the  year  1909  a  new  Italian  airship  m  a  run  of  190 
miles  made  27  miles  per  hour  average,  which  captured  the  high 
speed  record. 

The  vear  1910  produced  some  new  records  of  ])articular 
interest,  and  there  were  several  notable  flights  of  historic  value. 
A\'ellman  made  a  courageous  attempt  to  cross  the  Atlantic,_ 
starting'  near  Boston.  His  arrangement,  which  he  called  an 
"equilibrator,"  which  dragged  in  the  water  to  stabilize  the  ship 
nearly  caused  a  fatal  ending ;  as  it  was,  the  ship  was  blown 
about  and  out  of  its  course  by  a  fierce  gale,  and  was  finally 
abandoned  about  200  miles  at  sea,  the  crew  being  taken  off  by  a 
steamer  under  thrilling  circumstances.  The  French  dirigible, 
"Clement  Bayard  II.,"  made  a  remarkable  flight  from  Paris  to 
London  on  October  i6th,  doing  246  miles  at  an  average  of  41 
miles  per  hour,  with  a  crew  of  seven  men.  This  airship  is  251 
feet  long,  44  feet  diameter,  has  two  engines  of  120  h.p.  each,  a 
range  of  750  miles,  and  carrying  a  capacity  of  20  men. 

Dirigibles  were  used  in  the  principal  European  Arnnj 
manoeuvres  in   1910,  with  varying  success.     In  this  connection 
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the  great  success  of  the  British  dirigible,  the  Httle  "Beta,"  is 
of  interest  because  of  the  plucky  work  of  its  commander.  It  is 
just  announced  that  this  airship,  working  near  Aldershot  this 
week,  kept  in  touch  by  wireless  during  the  whole  of  a  trip  of 
many  miles  from  start  to  finish. 

On  February  7th,  1911,  the  German  dirigible,  "Gross  IV.," 
was  taken  out  for  its  first  trial.  It  is  344  feet  long  and  expected 
to  be  one  of  the  fastest  yet  constructed,  being  capable  of  mak- 
ing 40  miles  per  hour.  The  British  admiralty,  however,  has 
just  now  (February  18th)  about  completed  a  monster  airship— 
the  first  aerial  "Dreadnought" — at  Barrow-in-Furness,  510  feet 
long,  48  feet  diameter,  and  having  706,000  cubic  feet  capacity ; 
eight  cylinder  motors,  with  three  new  type  propellers  are  ex- 
pected to  drive  the  ship  at  50  miles  per  hour. 

Aeroplanes. 

The  perfecting  and  the  employment  of  aeroplanes  is  much 
more  recent  than   the   similar  progress  with  dirigible  balloons. 
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Ihe  early  experimenting  and  research,  however,  commenced 
about  1892,  and  by  1896  there  was  considerable  data  and  some 
experience  accumulated  with  respect  to  bird-flight,  gliding  on 
air  and  laboratory  aero-dynamics.  The  outstanding  features 
of  this  period  were  the  experiments  with  kites  T)y  Professor 
Langley  in  America,  the  construction  of  a  steam-driven  aero- 
plane by  Sir  Hiram  Maxim  in  England,  and  the  actual  air- 
gliding  by  Lilienthal  in  Germany.  With  the  latter's  death  and 
the  great  diffi'culties  encountered  by  Maxim,  progress  almost 
ceased,  and  for  a  period  of  eight  years  the  only  woVk  done  was 
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quiet  experimenting"  in  seeking  after  suital)le  engines,  propel- 
lers and  forms  for  aeroplanes.  Chief  among  these  workers  were 
the  Wright  brothers,  who,  for  some  years  prior  to  1904,  were 
working  with  one  and  two-plane  gilders  in  North  Carolina  at  a 
place  where  among  rolling  sand  dunes  a  steady  wind  was  as- 
sured. In  this  work  they  were  assisted  on  the  technical  side 
by  the  late  Mr.  Octave  Chanute,  an  eminent  consulting  engineer 
of  Chicago.  In  such  a  manner  they  became  expert  in  the  hand- 
ling of  their  air  craft. 

At  this  period  — 1905 — several  forms  of  aeroplanes  had  be- 
come notable,  and  with  the  solution  of  the  engine  problem  fol- 
lowing closely  on   the   development   of  the   automobile   engine. 
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actual  flights  were  accomplished.  There  remained,  however, 
the  perfecting  of  innumerable  details  and  the  gaining  of  experi- 
ence and  skill  on  the  part  of  operators  to  attain  the  confidence, 
presence  of  mind,  and  almost  intuitive  quickness  necessary  to 
control  a  heavier  than  air  machine  in  much  the  same  way  as  the 
learning  to  ride  a  bicycle.  These  early  experiments  of  either 
gliding  or  driving  a  plane  against  the  air  for  a  short  distance 
were  based  upon  the  principles  of  soaring  bird-flight  or  of  the 
skater  on  thin  ice. 

In  1905  the  Wrights  astonished  the  world  with  the  an- 
nouncement, without  details,  that  their  bi-j^lane  machine  had 
actually  remained  in  the  air  for  a  half-hour,  and  later  that  they 
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had  flown  24  miles  in  38  minutes.  In  other  flights  they  had  at- 
tained great  speed,  the  greatest  having  been  38  miles  per  hour. 

As  the  Wrights  undoubtedly  led  the  world  in  the  develop- 
ment and  operation  of  their  aeroplane,  there  are  several  fea- 
tures of  the  machine  deserving-  of  special  mention  here.  The 
frame  was  of  hickory  and  the  planes  of  strong  fabric  ;  the  wing 
warping-  device  on  the  corners  of  the  planes,  worked  by  wires 
over  pulleys  for  balancing  and  facilitating-  turning,  were  espe- 
cially novel.  This  flexure  of  planes  in  conjunction  with  ver- 
tical and  horizontal  rudders  enabled  the  balance  to  be  quickly 
— almost  instinctively — made.  By  their  long  experience  in  these 
early  days  the  Wrights  became  so  dexterous  that  they  were  for 
some  years  far  ahead  of  other  aviators  in  their  skill  in  flying. 
They  showed  that  it  was  more  in  the  man  than  in  the  machine 
that  success  lay. 

In    1907   a   new   aviator,    Farman,   appeared   in    France,   and 
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he  accomplished  numerous  short  fliglils,  up  to  a  half-mile,  in  a 
bi-plane,  knowm  then  as  the  "N'oisin."  His  performances,  how- 
ever, were  soon  eclipsed  l)y  those  of  Delagrange,  another  French- 
man, who,  in  1908,  flew  various  distances  up  to  15  miles,  done 
on  September  6th.  But  this  month  of  Se])tember,  1908,  was 
destined  to  becon:e  notable  in  axiation.  as  tlie  Wrights,  one  in 
Europe,  and  one  at  Fort  Meyer,  in  the  United  States,  were  al- 
most daily  performing-  something  new.  the  one  breaking  the 
record  of  the  other.  The  performances  comprised  flights  of 
over  an  hour  by  Orville  Wright  in  America  on  September  9th 
and  12th  ;  in  the  latter  45  miles  were  covered,  ^^'ilbur  \\'right 
in  Europe  on  September  21st,  flew    one    hour    and    a    half,    in 
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which  56  miles  were  done  and  on  September  28th,  he  carried  a 
passenger. 

In  October  of  1908  W'illnir  Wright,  with  a  passenger,  did 
36  miles  in  56  minutes,  and  Bleriot  first  appeared  with  his  small 
monoplane,  in  which  he  did  3  miles  in  four  minutes  and  a  half. 

The  year  1909  was  notable  in  aeroplane  performances  as 
well  as  for  dirigible  balloons.  Orville  Wright  carried  a  pas- 
senger 45  miles  in  one  hour  and  thirteen  minutes  on  July  22nd, 
and  three  days  later  the  world  was  startled  by  the  news  that 
Bleriot  had  boldly  crossed  the  English  Channel  in  a  small  mono- 
plane, 31  miles  in  40  minutes.  Then  on  August  26th,  Latham, 
a  new  aviator,  with  an  Antionette  monoplane,  flew  97  miles  in 
2  hours  and  13  minutes,  and  the  following  day  Farman.  again 
to  the  front,  with  his  bi-plane,  broke  all  records  by  going  112 
miles  without  a  stop.  Again  on  November  3rd,  1909,  Farman 
in  his  own  bi-plane  with  a  Gnome  motor,  flew  145  miles  in  4 
hours  and  18  minutes.  Another  significant  performance  by 
Farman  was  on  August  28th.  when  he  carried  two  passengers 
6  miles  in  ten  and  a  half  minutes. 

This  year  a  second  American  aviator  came  prominentlv  be- 
fore the  world ;  this  w^as  Curtiss  who.  in  a  bi-plane  of  his 
own  design  performed  various  feats,  especially  at  the 
time  of  the  Fulton  celebration  at  New  York.  His  ma- 
chine, developed  with  the  advice  of  Dr.  Graham  Bell,  is,  in  gen- 
eral, similar  to  the  Wrights,  but  instead  of  warping  the  ends 
of  planes,  he  has  small  auxiliary  planes  at  the  outside  ends  be- 
tW' een  the  two  main  ones  ;  his  manipulation  is  also  interesting, 
as  he  employs  the  shoulders  and  swaying  body  in  actuating  the 
rudders  for  horizontal  turning.  It  is  in  this  type  of  machine 
(perfected  in  the  IlamuKMidsport  Ex])eriments)  that  J.  A.  D. 
McCurdy,  of  the  class  of  1907.  Engineering,  in  Toronto  Uni- 
versity, is  now  doing  such  wonderful  feats. 

The  year  1910  did  not  produce  any  extraordinarily  long 
flights,  but  the  altitude  records  were  very  much  increased,  about 
7.000  feet  being  the  highest.  The  various  aviation  meets,  not- 
ably those  at  Belmont  Park  and  Atlantic  Cit}',  brought  out  re- 
sults in  control  and  handling  of  aeroplanes  which  prove  beyond 
doubt  that  these  machines  are  capable  of  various  rapid  manoeu- 
vres far  beyond  the  earlier  expectations,  and  these  are  probably 
only  the  beginnings,  so  that  we  are  justified  in  expecting  won- 
derful results  in  stability,  manoeuvre  and  carrying  power  within 
the  next  five  years.  Speeds  were  also  much  increased,  espe- 
cially with  the  monoplanes  which  are.  of  course,  the  fastest 
types;  Moranc.  with  a  new  I'lcriot.  flew  66  miles  per  hour  at 
Rheims. 

As  examples  of  luanoeuxre  in  1*>10  two  ]XM-formances  in 
America  are  notable.  One  was  by  Graham  A\'hite,  an  English 
aviator,  who  flew  over  the  Citv  of  Washineton,  alighted  in  the 
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street  in  front  of  the  Xavy  Headquarters  Building-,  made  a  call 
and  rose  again  from  the   street   and  i\e\\  awav  again  over  the 
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city.     The  other  was   at   Belmont   Park,   when   an   aviator,   off 
to  a  false  start  on  the  race  course,  was  recalled  and  suddenly 
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circled  in  a  small  radius  around  the  judges  and  the  announce- 
ment board,  back  to  the  track  in  front  of  the  grand  stand. 

The  flight  of  Chavez  in  a  Bleriot  monoplane  over  the  Alps 
from  Switzerland  to  Italy  in  September,  1910,  is  also  notable 
with  respect  to  manoeuvre,  as  in  25  miles  and  a  rise  of  3,000 
feet,  he  encountered  all  kinds  of  vertical  cross  air  currents  and 
bitterly  cold  air  off  the  snow-clad  peaks. 

It  is  likely  that  the  next  few  years  will  jjroduce  aero]:)lanes 
of  much  greater  carrying  power  as  well  as  of  greater  manoeu- 


INTERIOR  OF  GNOME   ENGINE 

Courtesy  Crosby,  Lockwood  &  Son,  from  "The  Art  of  Aviation,"  Breirer. 


vring  capabilities.  Increases  of  speeds  are  also  to  be  expected, 
es])ecially  with  the  monoplanes.  It  was  announced  in  1910  that 
a  new  racing  Bleriot  had  been  built  and  was  being  secretly 
tried,  in  which  speeds  up  to  7S  miles  per  hour  were  expected. 
This  type  had  ingenious  wings,  which  could  be  flattened  out  in 
mid-air  and  contracted  so  that  the  machine  could  be  speeded 
up  while  actually  in  flighi. 
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Combination  Types  of  Airships. 

There  is  not  much  yet  to  be  said  respecting  airsliips  com- 
bining the  features  of  balloou.s  and  aeroplanes.  Several  such 
arrangements  have  been  built  and  tried,  but  not  worked  out 
over  long  courses.  A'ertical  lifting  machines  have  also  been 
built,  but  as  yet  have  not  become  practical.  It  is  likely,  how- 
ever, that  considerable  progress  will  be  made  within  the  next 
few  years  along  the  combined  lines,  especially  for  meeting  con- 
ditions where  ascents  and  flights  are  required  to  be  made  irre- 


ft^^ 


GERMAN    3-INCH   GUN   FOR    ATTACKING   AIRSHIPS 

Courtesy  Crosln'.  I.ockwood  S:  Son.  from  "The  Art  of  .\viatiou,"  Brtwer. 


spective  of  weather  conditions,  such  as  may  be  absolutely  ncces- 
sarv  in  warfare. 

'  There  is  no  doubt  that  very  shortly  a  vertical  lifting 
"heavier  than  air"  machine  will  be  brought  out.  capable  of  stand- 
ing stationary,  or  hovering  over  any  point ;  this  will  jjrobably 
combine  the  horizontal   speed  properties  of  the  aeroplane. 

A  new  combination  of  airship  and  hydro-plane  is  also  be- 
ginning to  appear,  brought  about  by  the  necessity  of  aeroplanes 
alighting  on  or  rising  from  water.  Only  last  month  Curtiss, 
in   such   a   machine   at   San    Diego,   Cal..  alighted   on   the   water 
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alongside  a  U.  S.  warship,  and  after  15  minutes'  visit,  rose  again 
from  the  same  spot. 

Feasibility  of  Aerial   Navigation. 

From  the  foregoing  it  is  not  only  apparent  that  the  naviga- 
tion of  the  air  is  feasible  by  dirigibles  and  aeroplanes,  but  that 
as  each  year  passes,  with  its  improvements  in  types  and  in- 
creased skill  in  handling,  aerial  navigation  will,  before  long,  be 
as  assured,  and  as  universal  as  motoring  on  land  or  water.  It 
is  now  only  a  question  of  a  few  years  before  dirigibles  carrying 
cargoes  of  many  tons,  and  aeroplanes  carrying  four  or  five  people 
will  be  an  established  thing.  The  science  will  be  then  beyond 
the  experimental  stage  and  there  will  be  many  operators  of  all 
nationalities  having  the  requisite  experience  and  skill  to  actually 
navigate  the  air  with  ease,  confidence  and  safety. 

In  view  of  the  present  state  of  the  building  and  skill  in  fly- 
ing, we  are  reasonably  justified  in  expecting  that  in  the  next 
two  years : — 

Dirigible  balloons  will  have  a  range  of  action  of  1,000  miles, 
a  speed  of  40  miles  per  hour,  and  a  carrying  capacity  of  4  tons. 

Aeroplanes  will  have  a  range  of  action  of  200  miles,  a  speed 
of  50  miles  per  hour,  and  a  carrying  capacity  of  800  pounds. 

Both  classes  of  air  craft  will  be  capable  of  operation  at  will 
in  any  moderate  wind,  either  with  or  against  it. 

If  the  foregoing  results  can  be  realized  the  successful  per- 
manent employment  of  such  dirigible  balloons  and  aeroplanes 
for  military  purposes  is  an  absolute  certainty  because  they  are 
then  brought  into  the  category  of  practical  fighting  equipment 
of  modern  armies  and  marine  navies. 

Employment  of  Airships. 

It  is  as  yet  premature  to  attempt  any  serious  conjecture 
with  regard  to  the  ultimate  employment  of  air-craft,  either  in 
extent  or  variety.  While  commercial  uses  may  appear  i)robable 
within  the  next  few  years  military  uses  are  already  in  sight 
and  a  discussion  of  the  possible  cmpl(^}nient  of  air-craft  foi 
this  purpose  would  be  of  interest. 

Already,  as  noted,  the  great  powers  ha\c  been  employing 
dirigil)les  and  aeroplanes  in  connection  with  both  army  and 
navy  manoeuvres.  Just  now  comes  the  news  that  Germany  will, 
in  the  1911  manoeuvres  to  be  held  on  the  Baltic  coast,  use  flying 
machines  in  connection  with  combined  ojierations  in  which  the 
battleship  fleet  will  co-operate  with  their  army  corps  in  prob- 
lems involving  the  landing  of  an  army  in  coastal  defence. 

In  those  features  of  modern  war,  involving  tactics  and 
strategy,  the  employment  of  air-craft  will  entirely  revolutionize 
the   science.      The    api)lication    of   mounted    reconnaissance    for 
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both  tactical  and  strategical  purposes  can  be  applied  e(|ually 
well  to  aerial  scouting  with  the  addition  that  the  range  of  ac- 
tion and  the  horizon  will  be  very  much  increased. 

The  peculiar  adaptation  of  dirigible  balloons  and  aero- 
planes is  very  marked ;  a  few  of  these  properties,  especially  for 
war  operations,  are  as  follows : — 

1.  \\  ide  range  of  action  is  now  obtainable. 

2.  Carr3'ing  capacity  is  sufificient  for  men  and  food.  etc. 

3.  Speed  is  as  fast  as  any  land  or  sea  travel  without 
delays  occasioned  by  latter. 

4.  Height  of  operation  is  such  as  to  be  clear  of  accurate 
effective  gun  fire. 

5.  Direct  routes  are  availal:)le  day  or  night,  or  in  fogs 
(within  limits). 

6.  Positions  of  altitude  are  most  adapted  for  observation 
and  signalling,  and  for  locating  submarine  objects. 

7.  Air  operations  cannot  be  guarded  against  except  with 
similar  craft  or  by  special  terrestrial  apparatus. 

In  adapting  these  various  proven  properties  of  airships 
and  especially  of  aeroplanes,  there  are  certain  well-known  uses 
which  have  already  become  apparent  for  military  and  general 
service  ;  an  enumeration  of  these  follows : — 

For  Military  Service. 

1.  Peace  and  war  time  reconnaissance,  reporting  and  study 
of  foreign  countries,  fortifications,  harbors,  etc. 

2.  Signalling  and  wireless  telegraph  purposes. 

3.  Carrying  despatches. 

4.  Guards  and  patrols  at  frontiers  and  before  an  army. 

5.  Preventing  an  enemy's  observation  and  screening  oper- 
ations from  view. 

6.  Directing  and   observing   artillery   fire. 

7.  Destroving   stores   and    raiding   harbors,   fortresses   and 


cities. 


8.  Surjirise  or  night  attacks. 

9.  Discovering  and  destroying  submarines  and  mines. 

10.  In    conjunction    with    general     engagements     on     land 


or  sea. 


For  Commercial  Service. 


11.  Despatch  carrying  for  emergency  i)urposes. 

12.  Rapid  express  transport  or  mail  service. 

13.  Passenger  service  of  raoid  and  luxurious  character. 

14.  Exploration  in  inaccessible  or  far-distant  countries. 

15.  Scientific  research. 

16.  Rescue  purposes  at  sea. 

17.  Recreation,  sporting  and  spectacular. 

The  commercial  use  of  aeroplanes,  for  instance,  while  as  yet 
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conjectural,  affords  quite  as  much  variety  and  opportunity  for 
development  in  types  and  their  employment  as  does  the  military 
use.  It  must  be  remembered,  however,  that  in  order  to  adapt 
air-craft  to  commercial  use  they  must  meet  the  powerful  com- 
petition of  the  present  forms  of  land  travel  and  the  opposition 
of  those  commercial  organizations  operating  the  land  and  water 
transportation  utilities.  On  the  other  hand,  because  of  the  fact 
that  all  aerial  travel  can  be  made  on  routes  direct  and  unhamper- 
ed, and  that  travel  routes  have  three  dimensions  in  which  to 
operate,  the  ultimate  success  of  aerial  navigation  can  be  fully 
expected  though  it  may  take  a  stretch  of  the  imagination  at 
present. 

As  a  case  in  point  illustrating  commercial  use  the  following 
comparison  in  time  of  the  employment  of  an  aeroplane  in  com- 
petition with  a  railway  train,  and  a  motor  car,  is  suggested,  it 
being  assumed  that  a  doctor  in  London  is  suddenly  called  upon 
to  make  a  special  emergency  call  in  the  countrv  loo  miles  dis- 
tant by  bee-line.  120  miles  distant  by  rail,  with  nearest  station 
four  miles,  and  140  miles  by  road.  This  outline  is  an  extract 
from  "Airshi])s  in  Peace  and  in  ^^'ar."  by  R.  P.  Hearne: — ■ 

SPECIAL    TRAIX  SPECIAL     MOTOR    CAR  SPECIAL    AEROPLAXE 

GeUing  ready   30       Getting   ready    10       Getting  ready   15 

Passengers'    time    to  Journey   to   doctor's  Passengers'  time  to 

starting   point    ....   15           door 15  starting   point    ....    15 

Time     getting     clear  Dela\-      in      getting 

of   London    10  clear   of     London  35 

120  miles  at  50  miles  130     miles     at      35 

per  hour    145  miles  per  hour.  .  .222  100      miles      at      60 

From      station     to  D?lay  in  getting  to  miles   per    hour...  100 

house    20           house 8  Landing    and     get- 

ting  to  house 20 

Minutes 220  Minutes 200  Minutes 150 


Operation  of  Air-Craft. 

-As  to  the  ])r()bable  methods  of  operation  of  the  \arious  types 
of  airships  much  can  be  said  and  conjectured,  but  until  a  good 
many  features  of  endurance,  reliability,  speed  and  handling  are 
tried  out,  it  is  not  likely  that  definite  conclusions  can  be  reach- 
ed. Even  with  the  more  stable  types  of  airshi]).  and  in  the  short 
years  of  trial  uo  to  the  i)resent,  the  accidents  which  occurred, 
and  the  loss  of  life,  have  been  appalling.  In  the  year  1910  the 
number  of  famous  aviators  who  have  lost  their  lives  has  beeiT 
most  deplorable,  but  unfortunately  it  is  to  be  reasonably  exjiect- 
ed  that  there  will  be  still  many  more  accidents  and  loss  of  life 
in  the  strife  for  the  mastery  of  the  air  before  the  art  of  building 
ships  and  flying  them  will  become  fixed  like  other  similar  oper- 
ations. As,  in  the  nature  of  events,  the  "heavier  than  air"  ma- 
chine is  undoubtedly  destined  to  become  the  ultimate  means 
of  aerial  locomotion,  it  is  evident  that  in  its  deveUinment  there 
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must  yet  be  3'ears  of  trial,  success  aud  failure  before  final  definite 
success  is  attained. 

The  various  difiliculties  and  dangers  which  have  already  been 
encountered  are  really  at  the  present  time  increasing"  rather  than 
being  reduced,  for  as  the  art  advances  and  navigators  become 
bolder,  the  hazards  taken  are  greater.  For  instance,  at  one  time 
it  was  thought  that  navigation  in  wind  and  rain  storms,  fogs, 
etc.,  was  impossible ;  now  we  find  ascents  being  frequently  made 
under  such  weather  conditions,  as,  for  example,  when  Latham 
in  1909  went  75  miles  per  hour  in  a  gale  at  Blackpool  in  his  An- 
toinette monoplane.  Fires  and  explosions  on  dirigible  balloons 
are  a  great  menace — instance  the  disaster  to  Zeppelin  IV. — 
possibly  lightning  would  come  also  in  this  category.  Break- 
down of  engine  or  of  propellers  or  steering  gear,  etc.,  in  aero- 
planes is  almost  fatal,  especially  in  high  fiying  unless  the  avxa.- 
tor  is  successful  in  righting-  the  machine  and  gliding  to  earth 
without  overturning;  nearly  all  fatal  aeroplane  accidents  ha\-e 
been  due  to  this  mishap  though  ehere  are  several  notable  exam- 
ples of  the  machine  being  brought  down  safely — instance,  Cur-| 
tiss  at  Atlantic  City  in  1910.  Loss  of  fuel  either  by  leakage, 
accident  or  use  is  another  danger.  Collision  with  buildings, 
trees  or  other  craft  is  also  to  be  reckoned  with. 

Organization  and  Training  of  Aerial  Corps. 

It  is  not  at  all  sur])rising  that,  with  all  this  progress  and  the 
swift  application  of  aerial  navigation  to  uses  of  warfare  as  the 
first  employment,  the  nations  are  seriously  organizing  and  train- 
ing aerial  corps.  Next  to  the  development  of  the  machine  and 
equipment,  the  training  of  experienced  expert  aviators  and 
aeronauts  is  paramount.  Thi^  is  harder  than  it  seems  for  the 
means  of  training  are  limited,  are  highly  expensive,  and  often 
produce  discouraging  results,  as  have  been  experienced  the  ])ast  3 
years.  The  present  year,  however,  sees  all  the  great  ])o\vers 
aDpro]:)riating  large  sums  in  their  estimates  for  this  purpose.  The 
German  Government  has  planned  very  large  ex])enditures.  and 
it  is  now  unof!i'cially  announced  that  eleven  German  universities 
will,  during  the  surnmer  of  191  i,  institute  lectures  on  aeronautics 
and  the  mechanical  princiules  underlying  the  fiying  machine  and 
its  operation.  The  United  Stales  has  authorized  very  consider- 
able expenditures  in  training,  and  the  news  just  comes  that  the 
National  Guard  of  California  has  authorized  the  formation  of  an 
aerial  corps  in  connection  with  the  Coast  Artillery.  It  is  inter- 
esting to  notice  that  the  I'ritish  Army  estimates  for  191 '  include 
a  half-million  dollars  for  new  dirigibles  and  aero])lanes  and  for 
the  expenses  of  an  aeronautic  staff.  It  is  stated  in  newsi)aper 
despatches  that  the  British  Army  will  have  five  dirigible  bal- 
loons and  five  aeroplanes  available  for  use  the  coniing  summer. 
■      As  to  training,  especially  in  aeroplane  operation,  the  work 
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of  Mr.  Curtiss  at  San  Francisco  for  the  U.  S.  Army  and  Navy  is 
of  special  note,  as  indicating  how  he  instructs  novices  to  handle 
a  machine.  The  first  operation  after  mastering  the  mechanism 
of  machine  and  engine  is  to  take  short  hops  or  jumps  of  from 
50  to  200  feet,  but  not  higher  than  20  feet.  Then  longer  jumps 
are  allowed,  and  then  a  low  flight,  skimming  the  surface  or 
"grass-cutting"  as  it  is  called.  After  this  recruits  are  allowed  to 
fly  and  manoeuvre,  but  always  over  level  ground  and  close  to  it. 
Reports  say  that  practical  and  athletic  officers  who  are  accus- 
tomed to  motoring  and  sailing  learn  very  rapidly  and  safely. 


Toronto.  March  ist,  191 1. 


DETAILS   OF   AEROPLANE   TYPES 

(As  in  use  in  1909  and  1910.) 


CHARACTERISTICS 


AEROPLANES: 
Span,  feet  ... 
Area,  .sq.ft.  .  .  , 


WEIGHT:— (No  Pilot) 

Total,  pounds 

Per  sq.ft.  of  Plane  . .  . 


MOTOR  :- 

Type — Cylinders 3 

Revs,  per  niin 1200 

Power  in  H.P 24 

Sq.ft.  Area  per  H.P 6.  25 

Weight  per  H.P.  per  sq. 

ft.  Area 0.13 


MONOPLANES 


PROPELLER:— 

No.  of  blades. . . 

Material 

Diameter 

Speed 


SPEED:— 

Miles  per  hour  in  still  air 
Average 


28 
150 

462 


3- 


2 
wood 
6ft.  9in 
1200 


40 


ANTION 
ETTP 


46 

377 


1045 
2.77 


1 1 00 

50 

750 

00.5 


steel 
7ft.oin. 
1 100 


WRIGHT  FARMAN    VOISIN 


38 


40 


1.63 


4 
1500 

30 
18.0 

0.05 


33 
430 


990 
2 .30 


4 
1300 

50 
8.6 

0.04 


2  of  2  2 

wood  wood 

Sft.oin.  8ft.6in. 

450  1300 


39 


41 


38 
540 


1 100 
2.04 


1200 

50 

10.8 

0.04 


steel 
8ft.6in. 
1200 


37 


29 
250 


550 
2.20 


8 

1200 

30 

8.3 

0.07 


2 
steel 
6ft.oin. 
1200 
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EDITORIAL 

During-  the  last  week  in  April  .some  seven  hundred  and 
eighty-fivemen,  undergraduates  of  this  Faculty,  their  S])ring  ex- 
aminations over,  will  be  ready  for  a  Summer's  vacation.  The 
many  methods  of  spending  it  that  are  in  mind  about  this  time  of 

year  do  not  in  all  cases  coincide  with 
VACATION  AND  the  opinions  as  to  how  it  might  be  spent 

VACATION  WORK,     to    best    advantage.       Professionally,    a 

man  can  do  no  better  than  begin,  on 
May  1st,  and  al)andon  about  September  25th,  a  system  of  labor 
which  will  yield  him  the  greatest  possible  grounding  and  ad- 
vancement in  his  chosen  field  of  engineering.  The  advisability 
o*'  such  procedure,  even  in  the  most  healthful,  out-nf-door 
branches,  might  not  pass  criticism,  and  a  shorter  term  might  be 
recommended,  and  to  them  who  will  find  themselves  engaged  in 
foundrv  or  machine  shop,  practice    in  underground    or  chemical 
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work,  it  is  obxions  that  an  intermission  between  the  clash  with 
the  April  cavalcade  of  technical  distnrbances,  and  the  settini^  out 
to  vacation  work,  is  also  in  the  interests  of  young  engineers. 

Graduation  in  mining  requires  that  the  students  shall  have 
at  least  six  months'  practical  experience  in  mining,  metallurgy, 
or  g"eology,  "  for  which  they  must  receive  regular  wages."  In 
the  departments  of  mechanical  engineering  and  electrical  engin- 
eering, the  minimum  is  set  at  eight  months.  These  are  minimum 
qi.antities,  and,  naturally,  the  maximum  is  undefined,  the  infer- 
erce  being  that  the  requisition  is  based  on  the  stable  assumption 
that  as  much  practical  work  as  possible  should  be  worked  into 
the  university  course  in  engineering.  This  doesn't  include  a 
spattering  book  canvass  of  a  municipality,  or  a  Summer's  cruise 
on  a  passenger  steamer  as  waiter.  These  occupations  are  ac- 
knowledged means  of  remuneration  to  students  of  various  other 
faculties.  But  if  the  engineering  student  has  a  primary  view  to 
reimburse  his  saving  bank,  he  will  best  do  so  by  engaging  in,  and 
ac'hering  to.  the  work  with  which  he  hopes  to  fill  out  a  certifi- 
cate form,  whether  his  department  calls  for  it  or  not.  In  other 
v.ords,  the  monetary  value  of  vacation  work  in  engineering  is. 
generally  speaking,  much  in  advance  of  any  other  to  which  the 
average  student  is  obliged  to  turn  his  hand.  ^Moreover,  the  ad- 
vantage of  experience  in  the  proper  field  is  obvious. 

The  undergraduate  in  civil  engineering  learns  early  in  his 
course  that  experience  in  the  field  is  a  very  necessary  adjunct  if 
he  hopes  to  derive  full  benefit.  A  clause  in  the  calendar  requir- 
ing- a  certificate  of  experience  is  evidently  unnecessary.  The 
more  practical  experience  acfpiired  early  in  the  course,  the  more 
valuable  the  course  is  to  him.  and  the  higher  Avill  be  the  salary 
that  the  profession  will  find  him  capable  of  earning  upon  gradua- 
tion, is  his  conception  of  the  problem. 

Then  again,  there  are  other  reasons  why  the  college  gradu- 
ate is  not  prepared  for  his  place  in  the  world  upon  leaving  col- 
lege, unless  he  is  already  equipped  with  knowledge  gained 
through  practice.  For  example,  the  most  efficient  graduate  is 
one  wdio.  during  his  four  years  at  college,  has  had  a  g-ood  taste  of 
the  work  before  him  when  he  leaves,  not  altogether  because  of 
tlie  knowledge  he  has  gained  by  apolying  technical  formulae  to 
that  work,  but  because  of  what  he  has  learned  of  life  as  lived 
among  engineers,  and  of  the  problems  of  discipline  that  have 
confronted  him.  The  more  he  obtains  of  it,  the  greater  will  be 
his  directive  force,  and  the  more  effective  will  heprove  himself, 
bv  his  early  submission  to  ordinary,  evcrv-tlav  euQ-ineering  disci- 
phne.  This  is  as  necessary  to  the  man  who  is  going  to  be  a  suc- 
cessful engineer,  as  financial  means  is  to  the  man  who  choses  to 
s--,end  the  comiu'^-  vacation  at  Xewjiort  or  Rockawav. 


THE  ELECTRICAL  CLUB. 

Though  of  comparatively  recent  origin,  the  Chib  has,  since  its 
inception,  held  an  important  place  among-  the  student  organiza- 
tions. A  few  words  regarding  its  history  and  aims  may  not  be 
out  of  place. 

It  was  founded  during  the  term  1906-07,  primarily  for  the 
purpose  of  encouraging  public  speaking  among  engineering  stu- 
dents, by  the  presentation  and  discussion  of  technical  papers. 
Its  membership  was  limited  to  third  and  fourth  year  Mechanic- 
al and  Electrical  students,  and  the  fact  that  it  has  flourished  in 
spite  of  its  limited  membership  is  an  indication  that  it  is  meet- 
ing a  need  of  the  students.  The  first  president  was  W.  MacLach- 
lan.  Since  then  the  presidents  have  been  :  1907-08,  F.  R.  Ewart ; 
1908-09,  C.  L.  Gulley;  1909-10,  C.  J.  Porter;  1910-11,  W.  P.  Dob- 
son. 

It  was  first  known  as  the  S.  P.  S.  Electrical  Club,  but  in  1909 
the  name  was  changed  to  The  University  of  Toronto  Electrical 
Club.  Regular  meetings  are  held  every  two  weeks,  at  which 
technical  papers  are  read  and  discussed.  It  was  thought  when 
the  club  was  formed  that  the  members  would  enter  the  discus- 
sions more  freely  in  a  small  meeting  than  in  a  large  one.  This 
has  proved  to  be  the  case,  and  to  this  fact  is  due  in  a  great  mea- 
sure the  success  of  the  meetings. 

Among  the  subjects  discussed  durin-.:  tlie  present  term  were 
Wireless  Telegraph}',  Siemen  Bros.'  Electric  Railway  Equip- 
ment. Automobile  Motors,  Commercial  Testing  of  Transform- 
ers, Electrolytic  Electrifiers,  The  Oscillograph,  Multiple  Unit 
Control.  Pennsylvania  Electrification,  (^as  Engines. 

An  important  feature  of  the  work  of  the  Club  is  the  collec- 
tion of  the  publications  of  the  leading  maunfacturing  companies. 
These  are  placed  on  file,  and  form  an  increasingly  valuable  source 
of  information  to  the  members. 

The  idea  of  holding  excursions  to  ])oints  of  engineering  in 
the  city  originated  with  the  Club.  These  have  always  been  well 
attended  and  have  served  the  useful  purpose  of  giving  the  stu- 
dents an  insight  into  the  practical  side  of  engineering. 

The  executive  for  the  session  1911-12  is  as  follows:  Presi- 
dent, C.  De  Guerre:  Secretary-Treasurer,  R.  Taylor;  4th  Year 
Councillor,  R.  A,  Storey.  The  \^ice-President  and  ,3rd  ^"car 
Councillor  will  be  elected  next  Fall  by  the  3rd  Year. 

Under  these  able  officials  we  bespeak  for  the  Club  a  pros- 
perous year  and  a  continuance  of  its  prestige  among  the  students. 


IMPORTANT  MEETING. 

The  260th  meeting  of  the  .American  institute  nf  Electrical 
Engineers  will  he  held  in  Toronto  on  .April  7th  in  the  Chemistry 
and  Mining  Huilding  of  the  University  of  Toronto.    The  speak- 
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er  will  be  Mr.  W.  S.  Murray,  electrical  engineer,  of  the  New 
York,  New  Haven  and  Hartford  Railway,  who  will  ])resent  a  pa- 
per entitled  "  Analysis  of  Electrification,  and  Its  Practical  Ai)pli- 
cation  to  Trunk  Lines  for  Freight  and  Passenger  Operation." 
As  Mr.  Murray  is  an  authority  on  this  subject,  the  meeting  will 
be  one  of  greatest  interest  to  men  in  this  branch  of  the  profes- 
sion.   The  meeting  is  open  to  all  who  may  be  interested. 


THE  ENGINEERING  SOCIETY  ELECTIONS. 
P.    G.    CHERRY,  'II 

Nominations  for  office  on  the  executive  of  the  Engineering 
Society  were  held  on  Wednesday  afternoon,  March  8th.  at  3.30 
o'clock,  in  the  second  year  drafting  room  at  the  rear  of  Convo- 
cation Hall.  It  is  to  be  regretted  that  Convocation  Hall  was  not 
available  for  such  an  important  assembly.  The  Society  executive 
were  at  a  disadvantage  by  not  being  advised  of  the  change  until 
almost  the  last  moment,  and  it  can  be  assured  that  next  year  will 
witness  better  accommodation  for  the  annual  meeting. 

Many  of  the  same  old  "gags"  to  pull  the  freshmen  votes 
were  sprung  as  "planks"  in  the  "platforms."  But  this  year  has 
created  a  precedent  in  that  the  President-elect  pronounced 
against  the  production  of  problems  which  had  been  dealt  with, 
and  v.'ould  be  dealt  with,  merel}^  for  the  sake  of  having  a  plat- 
form, for  he  was  elected  practically  on  a  non-platform  ticket,  be- 
lieving, as  he  stated,  that  there  would  be  enough  for  the  next 
year's  executors  to  handle  with  the  present  questions  in  hand  and 
those  which  are  bound  to  come  up  next  year,  and  which  cannot 
be  predicted  at  present. 

The  two  days  following  the  nominations  were  devoted  by 
the  candidates  and  their  supporters  to  canvassing,  and  justice 
was  done  to  the  time-honored  customs,  the  presidential  candi- 
dates, of  whom  there  were  no  less  than  four,  being  exempt  from 
the  customs,  by  unwritten  law.  Perhaps  the  posters  this  year 
exceeded  any  hitherto  attempted.  There  were  signs  of  all  de- 
signs and  sizes,  some  reaching  half  way  across  a  room,  and  oth- 
ers draping  from  floor  to  ceiling.  One  candidate  enlarged  his 
photo,  and  used  the  copies  in  the  various  rooms.  The  introduc- 
tion of  "  The  Toike  Oike."  the  campaign  paper  containing  prin- 
cipally the  advertisements  of  the  candidates  and  their  platforms, 
etc.,  was  an  important  feature,  being  published  for  three  succes- 
sive days,  giving  the  photos  of  the  presidential  candidates  in  the 
issue  of  election  day.  The  idea,  we  believe,  emanated  from  Mr. 
J.  A.  Stiles  ('07),  B.A.Sc.  Mr.  R.  W.  Moffatt  ('05),  B.A.Sc,  was 
the  editor-in-chief,  and  Messrs.  L.  S.  O'Dell  ('07),  B.A.Sc.  and 
L.  T.  Rutledge  ('09),  B.A.Sc,  were  the  associate  editors. 

As  in  previous  years,  the  candidates  were  given  the  oppor- 
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tunity  to  speak  on  the  day  of  elections  in  drafting  room  "  A,"  the 
freshmen  quarters.  The  elections  took  place  on  Friday,  March 
loth,  the  polling-  being  held  for  one  hour  in  the  afternoon  at  the 
Engineering  Building,  proceeding  in  the  evening  at  the  gym- 
nasium from  seven  to  eleven  o'clock. 

That  Friday  evening  at  the  gym.  typified  the  school  spirit 
beyond  peradventure.  It  can  no  doubt  be  said  that  the  enormity 
of  the  occasion  has  increased  in  proportion  to  the  increase  in  the 
undergraduate  body  at  the  school,  until  the  efficiency  of  the  func- 
tion approaches  very  nearly  loo  per  cent.  A  graduate  of  many 
years,  who  has  not  looked  in  for  some  time,  cannot  realize  the 
development. 

A  mud  bath  was  one  t^f  the  most  prominent  features.    With 


W.    B.    MtPHERSON 


a  full  force  of  "  water-boys  "  o])erating  l:)etween  the  gym.  and 
the  heating  excavations  near  by,  it  took  fully  three  hours  to  sati- 
ate the  appetite  for  mud  and  water.  And  such  a  mob  the  men  did 
compose,  many  being  saturated  with  the  gluey  liquid  from  top  to 
toe!  And  how  proud  they  all  were  of  their  appearance,  just  as 
Diogenes  was,  before  them  !  \'oting  has  always  been  a  privilege, 
but  never  was  the  opportunity  to  vote  at  such  a  premium.  The 
writer  had  occasion  to  relate  in  "  The  Varsity  "  of  one  rising 
young  engineer  of  an  investigative  temperament,  who  discovered 
a  water  tank  under  the  roof.     Desiring  to  demonstrate  first-hand 
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IMPRESSIONS  OF  ENGINEERING  IN  GREAT  BRITAIN. 

CHESTER  B.  HAMILTOX,  JR..  B.  A.   Sc. 

The  Institution  of  ^Mechanical  Engineers,  whose  head- 
quarters are  in  London,  England,  last  year  invited  the  American 
Society  of  Mechanical  Engineers  to  hold  a  join.t  meeting  ^^•ith 
them,  during  the  last  week  of  July,  1910. 

The  official  party  of  the  American  society,  numbering"  about 
150,  left  New  York  on  the  White  Star  liner  "Celtic."  on  July 
i6th,  while  about  as  many  more  went  earlier. 

We  arrived  in  Liverpool  on  the  evening  of  July  24th,  and 
were  met  at  the  mouth  of  the  Mersey  by  a  tender,  which  brought 
out  a  deputation  from  the  Lord  Mayor  of  Liverpool,  and  from 
the  Institution  of  Mechanical  Engineers. 

From  that  point  on  the  time  was  so  crowded  with  engineer- 
ing and  social  opportunities  that  it  made  one  wish  that  there 
were  at  least  forty-eight  hours  in  the  day.  Our  English  friends 
certainly  are  the  kindest  of  hosts.  The  convention  lasted  a  week, 
first  at  Birmingham,  then  at  London,  stopping  over  a  day  on  the 
way  at  dififerent  points  of  interest.  All  the  numerous  side  ex- 
cursions throughout  the  week  were  arranged  so  that  people  of 
the  most  varied  tastes  might  choose  according  to  their  prefer- 
ences, and  thus  everyone  might  be  satisfied. 

The  convention  closed  Sundav  evening,  with  a  visit  to  West- 
minster Abbey,  around  which  we  were  conducted  by  the  sub- 
Dean.  The  engineers  were  particularl}-  interested  in  the  mem- 
orial window  to  Sir  Benjamin  Raker,  the  builder  of  the  Forth 
Bridge  and  the  Assouan  Dam. 

The  following  day  the  Darty  began  to  break  ud,  the  members 
going  where  the  greatest  interest  drew  them.  The  writer  went 
to  Holland  and  Belgium  and  the  lirussels  Exposition  ;  then  re- 
turned to  England. visiting  as  many  engineering  and  manufac- 
turing ])lants  as  possible,  and  finally  took  a  short  trip  to  Scotland. 

In  general  it  may  be  said  that  in  all  matters  touching  on 
either  the  navy  or  merchant  marine,  one  may  look  for  the  highest 
effi^ciency  in  British  works  or  factories. 

The  new  Yarrow  shops  on  the  Clyde,  building  torpedo  boats 
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ond  destroyers,  are  an  example.  They  are  not  very  larg^e,  com- 
pared to  some  of  the  other  great  works,  but  they  are  as  good 
shops  as  I  have  ever  seen — high,  well  lighted  and  ventilated, 
good  crane  service,  and  general  orderly  arrangement.  One  of 
the  features  is  a  roofed-over  "water-dock"  (this  name  being- 
used  in  distinction  to  a  dry-dock),  equipped  with  electric  travel- 
ing cranes,  under  which  the  destroyers  are  fitted  up  after  launch- 
ing. Onlv  turbine  engines  are  now  used,  along  with  the  famous 
Yarrow  watertube  boilers.  It  was  rather  a  surprise  to  see  them 
l)i.ilding  destroyers  for  Holland — a  maritime  nation  itself.  They 
v.ere  also  at  work  on  boats  for  Denmark  and  Brazil.  These 
latter  are  taken  to  Brazil  by  their  own  black  and  mulatto  crews, 
but  the  Yarrow's  send  one  or  more  engineers  from  their  shops 
to  insure  their  arrival,  which  otherwise  might  be  doubtful. 

At  Cathcart.  a  suburb  of  Glasgow,  I  visited  the  AMer  Pumo 
Works.  They  build  only  direct  acting  steam  pumps  of  very  high 
grade,  princijially  for  marine  use.  This  is  another  first  class 
shop,  with  both  its  general  methods  and  details  more  carefully 
worked  out  than  usual.  The  principal  part  of  the  shop  is  one 
storey  with  saw-tooth  roof.  A  line  shaft  down  each  row  of  col- 
r.mns  drives  th.e  machines  in  that  bay;  power  is  su)j)lied  l)y  a 
horizontal  single  cylinder  gas  engine  at  the  end  of  each  bay. 
using  producer  gas.  Thus  they  get  most  of  the  advantages  of 
group  drive,  as  the  niuuber  of  machines  on  each  shaft  is  small ; 
and  also  get  very  cheap  power  and  high  efficiency,  for  the  trans- 
mission is  short  and  direct.  There  are  almost  no  motor  drives 
in  this  sho]).  They  have  little  to  gain,  and  the  management  fears 
the  expense  for  maintenance  of  1.500  small  motors.  They  use  a 
large  number  of  Reeves'  variable  soeed  friction  gears,  where  an 
electrically  driven  shop  w  ould  use  interpole  motors,  and  by  fine 
adjustment  of  the  speed  of  the  machines  are  able  to  get  the 
highest  efficiency  from  the  tools.  They  like  the  Reeves  gear  very 
much,  and  are  applying  it  to  most  of  their  new  tools. 

A  large  number  of  their  machine  tools  are  made  especially 
for  the  job  for  which  they  are  intended,  thus  they  are  simpler, 
more  rigid  and  accurate,  and  sometimes  cheaper  than  standard 
tools,  as  they  do  away  with  unnecessary  adjustments,  slides,  and 
universal  features. 

They  have  a  very  good  foundry  for  admiraltv  l)n.nze.  where 
they  do  first  class  work.  They  are  under  the  difficulty  of  hav- 
ing to  use  very  poor,  almost  gravelly  moulding  sand.  They  have 
a  good  system  of  standardized  flasks  and  large  patterns,  divided 
into  sections  the  same  length  as  the  depth  of  one  section  of  the 
flask.  In  this  way  the  mould  can  be  given  to  a  number  of  dif- 
ferent men  to  finish  at  the  same  time,  thus  making  greater  speed 
])ossible.  Every  convenience  is  supplied  the  men  to"  enable  them 
to  turn  out  high  grade  work  efficiently.  This  foundry  was  a 
great  contrast  to  one  in  Birmingham."  making  builders'  hard- 
ware hy  most  antiquated  methods.'    I  account  for  this  bv  the  fact 
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that  the  lUrmini^ham  hrm  were  not  doing  marine  work.  The 
Wier  Pump  Co.'s  methods  evidently  pay,  for  they  claim,  with 
apparent  right,  to  be  the  busiest  shop  in  Great  Britain,  employ 
2,000  to  2,500  men  under  good  working  conditions,  and  are  put- 
ting up  additions  to  their  shop,  while  some  other  people  are 
struggling  to  keep  out  of  the  receiver's  hands. 

The  A^ickers  IMaxim  Co.  and  the  Sir  A\'m.  Armstrong,  W'hit- 
Avorth  Co.  are  two  of  the  largest  iron-working  firms  in  the  world. 
They  both  make  almost  everything,  but,  of  course,  specialize 
in  work  that  is  too  big  for  other  firms. 

One  of  our  party  was  talking  to  Mr.  ]\Iatthews,  the  manag- 
ing director  of  the  Armstrong,  \\niitworth  Com])any.  without 
knowing  who  he  was,  and  asked  him  what  line  he  manufactured. 
He   replied:   "Oh,   anything  you   like."   adding    in     explanation. 


Fig.  1      Brick  Arch  Railway  Bridge  on  the  Thames. 


"anything  from  a  ten-penny  nail  to  a  fully  ecjuii^ijed  battleship." 
In  the  \\'hitworth  shops  I  saw  a  \ery  large  and  heavy  engine 
lathe,  specially  built  for  another  company,  to  machine  the  parts 
of  large  marine  steam  turbines.  This  lathe  was  large  enough  to 
swing  a  small  room  over  the  ways,  and  so  heavy  that  the  ground 
in  the  purchaser's  shop  would  not  support  it,  and  shi|)ment  had 
been  delayed  till  another  site  could  be  found.  Another  machine 
tool  not  seen  in  this  country  is  the  armor  ])late  shaj^er.  These 
machines  somewhat  resemble  a  radial  drill  (on  much  larger  scale, 
of  course),  having  a  very  long  arm  with  an  auxiliary  su])port  at 
its  end.  The  tool  carriage  slides  nn  ihe  horizontal  ways  on  the 
arm  (like  the  drill  head),  and  is  driven  by  a  multiple  thread  lead 
screw  of  rather  long  pitch.    A  double  tool  is  used,  so  that  a  cut  is 
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taken  on  both  forward  and  return  strokes.  The  machine  is  used 
for  cutting  armor  plate  and  finishing  the  edges,  Such  great 
works  as  tlicse  have  facilities  for  setting  up  in  the  shop  the  com- 
])lete  side  armor  of  a  l)attleship,  to  insure  its  accuracy  of  fit 
before  it  is  sent  to  the  shipyard. 

In  the  W'hitworth  shops  there  are  almost  no  automatic 
machines.  They  use  a  large  number  of  boys  on  cheap  lathes  on 
work  that  could  probably  be  better  done  on  a  screw  machine. 
Thev  do  this  in  order  to  train  up  a  sufficient  supply  of  good  lathe 
h.ands.  This  question  of  an  extensive  apprenticeship  system 
versus  automatic  tools  seems  to  be  one  of  the  weak  points  of  the 
American  method,  which  tends  to  produce  a  shortage  of  really 
skilled  mechanics. 

At  the  X'ickers  Ma.xim  shops  I  noted  the  remarkable  way  in 


Fig.  2.     Crossing  Gates  on  an  English  Railway. 

which  government  work  is  done  in  an  open  shop  and  yet  kept 
secret.  I  saw  many  ])arts  of  H.  M.  S.  "Lion"  and  another  ship  of 
the  super-Dreadnought  type,  and  was  told  that  the  information 
that  such  a  ship  was  being  built  had  only  become  known  after 
practically  all  her  parts  had  been  completed. 

.At  W'ier's  Pump  Works,  at  Glasgow,  I  was  shown  the  con- 
denser pumps  of  a  great  ship,  which  they  were  forbidden  bv  the 
purchaser  to  speak  of  except  by  its  shop-order  number.  '  The 
jtalou.sy  between  rival  trans-Atlantic  steamship  companies  a.s- 
sists  in  the  maintenance  of  secrecy,  for  no  one  could  tell  whether 
these  pumps  were  for  a  Cunard  or  ^^Mlite  Star  ocean  greyhound 
or  a  r.ritish  or  a  Brazilian  Dreadnought,  though  it  was  evident 
to  anyone  that  they  belonged  to  a  record-breaking  engine-room 
e(|uii)ment. 

It  is  extremely  difficult  to  keep  any  secrets  now  that  Jap- 
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anese  inspectors  on  Japanese  Ciovernment  work  are  in  the  shops, 
for  they  go  everywhere  with  sharp  eyes  and  notebooks.  A^ickers 
used  to  build  complete  ships  for  the  Japanese.  They  made  the 
guns  for  their  latest  Dreadnoughts,  but  the  Japanese  are  build- 
ing- the  ships  themselves.  Soon  the  Jap  will  be  making  guns 
and  all. 

A  rather  interesting  machine  tool  is  in  use  at  Vickers  (and 
piobably  elsewhere)  for  cutting  the  portholes  in  armor  plate  and 
for  boring  out  large  ingots  and  forgings  preparatory  to  hollow- 
forging  them  on  a  mandril  for  the  parts  of  heavy  guns.     Its  ac- 
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tion  is  (|uitc  analagous.  l)tn  on  a  much  larger  scale,  to  a  diamond 
rock  drill.  Tiie  boring  bar  is  hollow  and  carries  a  series  of  cut- 
ters arranged  around  the  end  so  as  to  cut  out  an  annular  channel 
and  leave  a  large  core,  thus  effecting  a  large  saving  of  time  and 
power. 

These  great  shops.  Vickers.  ^Maxim's  and  Armstrong,  Whit- 
worth's,  are  too  1)ig  for  ap])reciation  or  comparison  by  any  stan- 
dards we  have  in  Canada. 

Reference   was   made   above   to   a   foundrv   in    I'irmingham, 
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where  vcrv  ])oor  methods  were  in  use,  both  mechanically  and  in 
the  treatment  of  the  employees.  A  considerable  proportion  of 
the  latter  were  women  and  children,  who  were  working  under 
"sweat-shop"  conditions.  This  place,  I  understand,  was  typical 
of  many  others.  Piece  work  was  the  rule,  and  the  rate  was  so 
low  that  they  had  to  work  in  desperate  haste  for  long  hours  to 
earn  very  small  wages. 

Malleable  iron  castings  w^ere  being  made  in  small  crucibles 
(60  to  100  lbs.)  The  moulders  worked  in  groups  of  three  under 
a  contract  system  in  little  half-open  sheds  around  the  side  of  the 
yard.  No  moulding  machines  were  used.  None  of  the  patterns 
were  carded,  all  being  in  loose  pieces,  and  the  moulder  had  to 
cut  the  gates  for  every  little  piece,  weighing,  perhaps,  only  a  few 


Fig.  5.     Willans  cS:  Robinson's  Engineering  Works,    RTigby. 


ounces,  every  time  it  was  moulded.  In  the  electro-plating  room 
there  was  no  efficient  ventilation.  The  operators,  who  were 
young  girls,  were  working  in  a  choking  atmosphere.  What  little 
machining  there  was  on  this  class  of  work  w^as  done  b}^  child 
and  female  labor,  in  a  half-lighted  basement,  with  poor  tools  and. 
as  ahvays,  at  extreme  speed. 

In  going  through  the  factory  districts  there  was  opportunity 
to  observe  much  more  of  the  poverty  of  the  country  than  is  seen 
In-  the  ordinary  tourist.  And  it  is  not  the  ])Overty  of  hard  times 
or  accidental  misfortune,  but  a  deep,  hopeless  state,  from  which 
there  seems  no  escape.  \Miat  encouragement  can  these  "sub- 
merged'' ones  take  from  the  news  that  the  Ontario  manufac- 
turer, the  Manitoba  wheat  farmer,  and  the  now  Transct-mtinental 
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railways  are  in  need  of  la])or?  None,  for  that  is  on  the  other 
side  of  the  world,  and.  hesides,  many  of  them  are  mentally  and 
physically  unfitted  by  heredity  and  environment. 

One  impression  of  the  whole  country  is  that  it  is  a  land 
where  people  and  human  effort  and  human  suffering  is  cheap 
and  material  is  expensive,  in  contra-distinction  to  America, 
where  raw  material  is  cheap  and  people  are  relatively  more  im- 
portant. In  Holland  and  Belgium  dogs  are  much  used  for  light 
draught.  One  American  engineer  said:  "This  is  a  fine  country, 
but  I'd  hate  to  be  a  dog  here."  So  I  would  say  that  England  is 
a  ijreat  and  wonderful  countrv.  but  I'd  hate  to  be  a  laborer  or 


Fig. 


English  Goods  Truck. 


•mechanic  there.     I  thought  many  times  of  Goldsmith's  lines  in 
"The  Deserted  Village": 

"But   a   bold   peasantry,   their   country's   pride. 

When  once  destroyed,  can  never  be  supplied." 
]\Iessrs.  \\'ebley  and  Scott  occupy,  for  the  manufacture  of 
revolvers  and  automatic  pistols,  a  rather  old.  crowded,  and  badly 
arranged  building,  and  the  speed  of  production  is  high.  l)ut  the 
quality  of  their  output  is  of  the  highest,  and  the  workpeople  seem 
intelligent  and  comfortable.  Is  the  explanation  of  this  that  theirs 
i:-  the  trade  of  the  armorer,  which,  with  its  companion,  the  ship- 
builder, holds  such  a  premier  position  in  Britain?  In  this  large 
shoT  there  was  not  a  drawing  or  a  scale  to  be  seen,  outside  the 
tool  room,  evervthing  being  'made  to  standard  jigs  and  gauges. 
The  illustration  of  the  AVillans  and  Robinson  shop,  at 
Rugby,  shows  the  handsome  building  and  the  fine  gardens  and 
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shrubbery  about  it.  The  works  are  arranged  so  they  can  be  en- 
larged to"  double  the  present  size  by  extending  sideways  with- 
out disturbing  any  of  the  departments.  All  this  reserve  is 
given  to  the  workman  for  garden  plots.  A  large  and 
e'lal)()rate  testing  plant  has  been  provided,  adjoining  the 
power  house,  and  connected  to  the  rest  of  the  works  by  a  three- 
foot  gauge  railway  system.  Here  careful  tests  can  be  made  on 
engines,  turbines,  and  pumps  under  almost  service  conditions, 
before  shipment.  The  departments  in  the  remainder  of  the 
works  are  conveniently  arranged  in  series,  as  follows,  from  rear 
to  front :  Pattern  storage,  foundry,  casting  storage,  forge  and 
machine  shops,  erecting  bays,  packing  and  forwarding  depart- 
ment, pattern  shop,  and  office.     It  will  be  noted  that,  with  the 


Fig. 


"he  Dock  Cranes  at  Antwerp. 


exception  of  the  pattern  shop  and  office,  this  is  the  logical  order 
in  which  work  would  pass  through  the  shops. 

The  famous  \M!lans  engines  were  formerly  made  here  in 
large  numbers,  but  of  late  the  principal  output  of  tliis  company 
has  been  steam  turbines.  Diesel  engines,  turl)ine  i)umps.  and  con- 
denser ap])aratus. 

Traveling  so  much  away  from  tlie  beaten  track  of  the 
tourists  gave  a  good  opportunity  to  compare  Em-o]:)ean  with  Am- 
erican methods  of  handling  passengers.  To  be  quite  frank,  they 
were  generally  nol  such  as  to  excite  admiration.  We  have  all 
heard  how  the  pirates  used  to  make  their  victims  "walk  the 
plank."  A  modern  repetition  of  this  may  be  seen  in  the  method 
of  unloading  second  and  third-class  passengers  at  Queenstown, 
which  resembles  also   the   wav  cattle  are  handled  at  the  large 
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packing  houses.  Rain,  wind,  and  the  hour  of  3  a.m.,  all  added 
to  the  situation.  The  "victims"  were  compelled  to  carry  their 
own  hand-baggage,  which  averaged  more  than  two  pieces  per 
person,  down  a  long,  narrow,  slippery  gang-plank,  poorly  pro- 
vided with  cleats  and  rails,  at  a  slope  of  between  40  deg.  and  45 
deg.  One  end  of  the  plank  swung  with  the  motion  of  the  ship, 
and  the  other  with  that  of  the  tender,  which  was  to  take  the  pas- 
sengers ashore. 

English  trains  accelerate  more  rapidly  than  our  heavy  Am- 
erican rolling  stock.  In  view  of  this  it  was  a  real  disappointment 
one  day  to  find  that  a  train  which  was  already  half-way  out  of 
the  station  could  be  overtaken  and  boarded.  The  fact  that  a  fine 
or  imprisonment  is  provided  for  boarding  a  train  in  motion  was 
not  known  then. 

In  the  eyes  of  an  American  the  compartment  system  is  alto- 


Fig.  8.     Working  on  the  Dykes,  Holland. 

gether  objectionable.  The  best  trains  now  are  constructed  on 
the  corridor  plan,  but  they  are  so  narrow  that  they  are  not  in  the 
same  class  as  .American  coaches.  The  complete  absence  of  any 
bagg'age  checking  system  is  a  very  bad  feature  of  English  travel. 
The  responsibility  rests  entirely  on  the  passenger  to  see  that  his 
baggage  arrives  at  the  same  place  and  time  as  himself.  In  this 
connection  it  was  necessary  to  use  the  long  distance  telephone 
several  times,  and  I  found  both  the  service  and  the  clearness  of 
transmission  far  below  what  would  be  tolerated  in  American  or 
Canadian  practice.  Telephones  are  not  used  in  England  to  any- 
thing even  approaching  the  extent  they  arc  in  this  country. 

English  express  trains  are  equipped  with  the  \^acuum  l^rake, 
but  many  passenger  cars  and  all  freight  cars  arc  without  brakes. 
The  illustration  shows  an  arrangement,  which  is  called  a  brake. 
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used  only  for  holding  a  freight  car  on  a  siding.  Some  freight 
locomotives  have  only  hand  brakes.  Automatic  couplers  are  un- 
known, the  three  chain  links  being  universally  used.  On  passen- 
ger equipment  the  middle  link  screws  up  like  a  turnbuckle,  draw- 
ing the  cars  together  and  compressing  the  spring  bufifers.  This 
makes  the  train  very  smooth  in  starting.  In  coupling  cars  an 
implement  called  a  coupling  hook  is  used  which  resembles  a 
garden  hoe  with  the  wide  blade  cut  off  and  the  iron  spike  twisted 
like  three-(juarters  of  a  turn  of  a  corkscrew.  Thus  a  man  need 
rot  go  between  the  cars — provided  he  has  a  hook  with  him. 

One  advantage,  however,  of  the  Great  amount  of  slack  in  a 


Fig.   9.     Dutch  Windmill. 

train  of  such  cars  is  that  less  tractive  effort  is  required  to  start 
from  rest  a  train  of  these  than  one  of  equal  tonnage  of  close- 
cou])led  cars.  Consequently  English  locomotives  are  light,  par- 
ticularly as  to  weight  on  the  drivers,  compared  with  American 
engines.  It  seems  that  this,  along  with  the  light  weight  of  the 
cars  is  the  real  reason  for  the  smooth  roadbeds  of  the  English 
railways.  Great  ])ains  are  taken  in  building  the  roadbeds,  which 
certainly  reduces  the  maintenance  cost,  but  it  is  doubtful  whether 
they  would  stand  the  extreme  hard  usage  to  which  American 
roadbeds  are  subjected  much  belter  than  ours  do. 
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The  oddity  of  shipping  merchandise,  often  perishable,  in 
open  "goods  trucks,"  covered  only  with  tarpaulins,  strikes  the 
Canadian  visitor  strongly.  These  "goods  trucks"  and  "goods 
vans"  are  exactly  like  the  pictures  in  an  old  book  I  have  which 
was  published  over  thirty  years  ago.  Apparently  there  has  been 
no  substantial  change  or  improvement  in  this  rolling  stock  in 
the  last  thirty  or  forty  years.  The  ordinary  goods  truck  is  ten 
or  twelve  feet  long  over  all,  and  carries  ten  or  twelve  long  tons. 
To  ship  a  sixteen-foot  board  requires  two  cars,  unless  it  can  be 
arranged  to  overhang  the  next  load.  The  small  size  of  the  stan- 
dard tunnels  is  one  of  the  great  obstacles  to  the  English  railwa5^s. 

After  all,  no  matter  how  far  the  English  railway  falls  short 
of  American  and  Canadian  standards  and  requirements,  we  must 
remember  that  it  fills  the  Eng"lish  requirements  satisfactorily, 
and  carries  the  inland  traffi'c  of  a  great  nation  with  greater  speed 
and  safety  than  is  the  case  with  American  or  Canadian  railways. 

Figure  2  show^s  an  arrangement  of  crossing  gates,  which 
affords  great  safety,  but  could  probably  not  be  applied  in  a 
country  having  much  snow. 

American  locomotives  have  been  tried  in  England,  but  have 
been  found  unsatisfactory.  The  material  and  workmanship  are 
both  much  inferior  to  those  in  English  engines.  English  engines 
all  have  solid  copper  fireboxes,  and  many  have  copper  tubes.  The 
English  idea  seems  to  be  to  make  machinery  as  good  as  possible, 
whether  it  is  economically  w'orth  while  or  not,  while  the  Amer- 
ican way  inclines  toward  building  only  to  last  till  the  time  when 
the  design  will  probably  be  out  of  date.  Each  method  suits  the 
conditions  of  the  respective  countries. 

In  urban  traffic  the  horse  is  rapidly  disappearing.  The  taxi- 
cab  replaces  the  hansom  and  the  aiiotor-bus  its  horse-drawn  pre- 
decessor. The  type  of  motor-bus  used  in  London  is  shown  in 
the  ]:»hotograph  of  Trafalgar  Square. 

Figure  1  shows  a  brick  arch  railway  bridge  of  very  good 
design.  This  compares  favorably  with  some  of  the  recent  rein- 
forced concrete  arches.  The  centre  span  of  this  bridge  is  said 
to  be  the  long-est  brick  arch  in  Great  Britain. 

It  was  said  that  the  only  important  features  in  Antwerpt 
were  the  cathedral  and  the  method  of  handling  freight  on  the 
docks  with  gantry  cranes.  \Miether  this  is  true  or  not  I  cannot 
say.  but  these  two  items  at  least  are  w'orthy  of  the  admiration 
of  the  architect  and  the  transportation  engineer. 

Figure  8  shows  a  rather  inefficient  i)Ut  very  industri(^us 
application  of  hand  labor  tn  the  making  of  additional  land  on 
the  Zuider  Zee,  in  Holland.  The  material  is  dredged  up  from  the 
bottom  of  the  sea,  so'me  sixteen  feet,  and  filled  in  between  the  old 
dyke  and  a  new  one  (not  shoAvn).  thus  making  one  more  farm. 

There  is.  on  a  trip  like  this,  an  almost  unlimited  opnortunity 
for  American  engineers  to  observe  new  and  useful  methods,  and 
we  were  all  deeply  grateful  to  the  Institution  of  Mechanical  Engi- 
neers for  their  verv  threat  kindness. 
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Under  instructions  from  Mr.  C.  H.  Rust.  C.E..  Cit}'  Enc^i- 
necr  for  Toronto,  a  series  of  observations  were  conducted  dur- 
iiiij  the  summer  of  1909.  dealing  with  current  movements  in 
Lake  Ontario,  near  Toronto.  At  the  outset  it  was  found  rather 
difficult  to  obtain  a  type  of  float  which  would  give  a  satisfactory 
indication  of  the  true  direction,  and  rate  of  flow  of  the  subsurface 
current  without  it  being  unduly  affected  by  wind  or  surface 
motion. 

In  the  first  instance  a  metal  float  of  tlie  type  and  dimensions 
shown  in  Fig.  i  was  used. 

It  consisted  of  a  double  cone-shaped,  air-tight  float,  made  of 
tin.  to  the  top  of  which  a  short  length  (2  feet)  of  1-4  gas  piping 
was  attached.  This  rod  carried  a  small  movable  sheet-iron  flag, 
by  which  the  buoy  Avas  located  when  in  use. 

At  the  lower  end  of  the  float  more  piping  was  fastened,  the 
length  of  which  depended  upon  the  depth  of  current  to  be 
gauged. 

A  sheet  of  galvanized  iron  12  in.  x  4  in.  was  then  fixed 
rigidly  to  the  lower  end  of  this  rod.  to  take  the  pressure  of  the 
current. 

It  will  readily  be  seen  that  the  large  area  which  the 
body  of  this  float  offered  to  the  wind  and  surface  current,  was 
out  of  all  proportion  to  the  small  vein  attached  to  the  rod  below, 
and  that  if.  in  turning,  the  vein  offered  its  thin  end  to  the  direc- 
tion of  the  current,  there  was  practically  no  subsurface  resist- 
ance plane. 

This  buoy  was  soon  discarded,  as  no  reliable  results  of  the 
movement  of  subsurface  currents  could  be  obtained. 

The  buoy  as  shown  in  Fig.  2  was  then  tried  with  fairly  sat- 
isfactory results,  but  proved  so  heavy  and  cumbersome  that  it 
soon  gave  way  to  a  better  type,  viz.,  that  shown  in  Fig.  3. 
The  second  style  of  buoy  consisted  of  a  small  block  of  oak 
4"  X  4"  X  6",  to  the  centre  of  which  a  small  swivel  was  stapled. 
Varying  lengths  of  copper  wire.  Xo.  t8,  dependent  upon  the 
de])th  for  which  the  buoy  was  to  be  used,  were  fastened  to  the 
swi\'el. 

To  the  loose  end  of  the  wire  a  slight  strip  of  wood,  about 
two  feet  in  length  was  attached,  and  to  the  other  end  of  the  strip 
a  small  piece  of  white  cotton  was  tacked,  in  order  to  facilitate 
the  location  of  the  buoys  on  the  water. 

About  the  middle  of  this  strip,  two  or  three  ordinary  net 
corks  were  wired  in  order  to  carry  the  strip  upright,  when  the 
oak  block  was  weighted  carefully  to  the  proper  de])th. 

On  account  of  the  weight  of  the  oak  l)l()ok.  which  frequently 
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broke  loose,  this  buoy  was  abandoned,  and  the  type  shown  in 
Fig.  3  substituted  with  better  results. 

Two  pieces  of  tin  io"x  14"  were  riveted  together  down  the 
centre  with  three  copper  rivets.  The  opposite  sides  of  both 
pieces  of  tin  were  then  bent  through  ninety  degrees,  thus  form- 
ing two  vertical  planes  at  right  angles.  A  hole  was  punched  at 
the  centre  of  one  end  and  through  it  a  copper  wire  loop  was  bent. 
To  the  loop  was  fa.stened  an  end  of  the  required  length  of  cop- 
per wire,  forming  the  submerged  part  of  the  buoy. 

The  float  was  made  of  a  block  of  cedar  4"  x  4"  x  2",  painted 
to  keep  out  the  water.  Experiments  with  other  woods  demon- 
strated the  fact  that  cedar  gave  the  best  results  for  buoyancy  and 
economy.  In  the  centre  of  the  block  a  small  hole  was  bored, 
through  which  a  strip  of  wood  about  2  feet  long  was  passed, 
allowing  some  six  inches  to  project  from  one  side. 

To  the  long  end  a  small  piece  of  white  cotton  was  tacked  to 
act  as  a  flag  and  to  the  lower  end  a  small  loop  was  wired. 

To  complete  the  buoy  the  loose  end  of  the  wire  attached  to 
the  submerged  vein  is  fastened  through  this  loop. 

It  was  found  that  the  use  of  a  loop  in  attaching  the  wire  to 
tlie  float  was  a  good  plan,  otherwise  the  continual  swinging  and 
bending  motion  given  to  the  float  by  the  movement  of  the  waves 
broke  the  rigid  wire  fastening,  resulting  in  the  loss  of  buoys  and 
a  negative  observation. 

W^ith  this  buoy.  then,  it  will  readily  be  seen  that  extremely 
accurate  results  may  be  obtained  regarding  the  movement  of 
subsurface  currents.  The  small  cedar  float  and  mast  offer  very 
little  surface  to  surface  currents  and  wind  action,  while  of  the 
large  surface  on  the  lower  or  submerged  part  of  the  buoy,  half 
may  at  any  time  offer  resistance  to  the  current  motion,  no  mat- 
ter in  what  direction  the  vein  may  turn. 

Larger  sizes  were  tried,  but  in  this  instance  the  results  were 
not  shown  to  be  proportional  to  the  addition  of  metal  used. 

For  observation,  a  number  of  buoys  of  varying  lengths  were 
placed  in  the  water  together,  at  a  point  the  exact  location  of 
V  hich  was  known. 

They  were  then  allowed  to  drift,  and  were  located  later  and 
collected  when  deemed  necessary.  In  this  case  the  referencing 
was  done  by  the  use  of  the  sextant.  Two  angles  were  read  from 
the  buoy  upon  three  olijects — one  of  which  was  common  to  both 
angles — of  known  position :  for  instance,  certain  prominent 
towers  or  chimneys.  These  angles  were  then  plotted  on  a  plan 
and  the  buoys  located. 

This  may  be  done  when  the  buovs  do  not  pass  beyond  the 
range  of  the  shore,  with  good  results.     It  also  proved  helpful  in 
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conducting'  these  observations,  to  note  the  speed  and  direction  of 
the  wind,  in  relation  to  the  movement  of  the  buoys.  These  com- 
parisons gave  ver}'  interesting  results. 

The   observations   were    carried   on    under   the    direction    of 
Mr.  F.  W.  Thorold,  B.A.Sc,  Assistant  City  Engineer. 

Record  of  Winds,  1908,  Obtained  From  the  Meterological 
Observatory. 
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PENNSYLVANIA  ELECTRIFICATION. 


H.  A.  COOCH.  B.  A.  Sc. 

The  problem  of  transportation  in  the  city  of  New  York  is 
one  which  has  pnzzled  the  minds  of  the  most  talented  and  ex- 
perienced engineers  since  1871. 

New  York,  of  course,  is  so  situated  that  either  bridging-  or 
tunneling  was  necessary  for  a  terminal  station  in  the  heart  of 
the  city. 

In  1884  a  proposition  was  discussed  to  build  the  "North 
River  Bridge."  with  a  span  almost  twice  that  of  the  Brooklyn 
Bridge,  but  due  to  the  enormous  cost  both  in  property  and  con- 
struction, as  well  as  the  possible  obstruction  to  navigatii^n,  it 
was  abandoned. 

The   tunnel    proposition    under   the    North   and    East   rivers 


Fig.   I.     Sketch  of  New  York  and  Vicinity. 

was  often  considered,  but  was  out  of  the  (|uestion  as  far  as  steam 
locomotives  were  concerned. 

The  successful  development  of  the  electric  motor  for  trac- 
tion purposes,  first  in  quite  small  units,  as  applied  to  car  axles, 
and  during  the  past  ten  years  in  sizes  so  large,  and  capacity  so 
great,  as  not  only  to  equal,  but  in  the  case  of  the  "Pennsylvania 
Locomotive,"  to  exceed  the  power  of  any  steam  locomotive  here- 
tofore built,  has  solved  the  above  ])roblem. 

The  electrification  is  entirely  of  direct  current,  Avhich,  for  a 
comparativelv  short  mileage,  compares  very  favorably  with  the 
single  phase. 

"  The  length   of  track   electrified   is   twenty  miles,   extending 
from  Harrison,  N.   T-.  to  Long  L'^land  City,  about  twrWe  mil«^s 
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beinj^  tunneled  in  all.  This  can  be  plainly  seen  by  referring-  to 
Fi^s^ure  i. 

It  has  been  estimated  that  the  ratio  between  the  coal 
burned  for  operating  passenger  trains  by  electric,  and  that  for 
steam  locomotives  is  i  to  2.  which  seems  to  more  than  counter- 
balance the  necessary  initial  outlay,  while,  as  far  as  convenience 
and  cleanliness  of  operation  is  concerned,  electrical  equipment 
is  much  more  satisfactory. 

Thus  the  Pennsylvania  Railroad  has  fitted  up  one  of  the 
most  elaborately  and  magnificentl}-  equipped  terminal  stations 
in  the  world.     (Fig.  2.) 

Altogether  the  operations  around  Xew  York  city  have  cost 
the  railroad  nearly  $150,000,000. 

The  new  station  itself  is  located  on  7th  Avenue,  between 
33rd  and  35th  Streets,  and  is  handy  to  all  parts  of  the  city. 

At    present   the   passenger   traffic   through   the   new    station 


Fig.  2.      Pennsylvania  R.  R.  Terminal  Station,  New  York  City. 

numl)ers  about  500  trains  per  day,  while  the  construction  has 
been  so  made  as  to  allow  of  a  possible  1,000  per  day.  All  the 
traffic,  of  course,  with  a  fev.^  exceptions,  which  is  handled  by  the 
new  station,  is  passenger,  the  freight  being  taken  across  the  river 
by  car  ferries  from  Greenville  to  Bay  Ridge. 

The  locomotive  itself  ( Fig.  3)  is  designed  in  two  half  units. 
The  design  of  the  articulation  between  them  is  such  that  the 
leading  half  serves  as  a  leading  truck,  and  the  other  half  as  a 
trailing  truck  for  travel  in  either  direction. 

This  type  of  locomotive  has  also  a  very  peculiar  method  of 
drive,  which  distinguishes  it  from  all  other's.  Instead  of  the 
usual  methods  of  drive,  i.e..  of  gear  wheels,  as  in  ordinary  street 
cars ;  quill  drive,  as  in  the  case  of  the  New  York,  New  Haven 
and  Hartford  ;  or  direct  drive,  as  in  the  case  of  the  New  York 
Central  type,  connecting  rods  on.  the  drivers  are  connected  by 
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cranks  to  the  crank  or  eccentric  on  the  motor,  Hke  ordinary 
steam  locomotives.  This  arrangement  can  be  ciuite  clearly  seen 
in  Fig.  4. 

The  drivers  are  "Ji  in.  in  diameter,  and  the  pony  trucks  36 
in.  in  diamteer.     The  total  wheel  base  is  2'i^  ft.  i  in.  per  half. 

The  weight  of  the  locomotive  completely  equipped  is  332,000 
lbs.,  while  the  weight  on  the  drivers  is  207.800  lbs. 

Tlie  motors   (Fig.  5.),  tAA'o  of  which  are     placed     on     each 


Fig.    3.       Sketch  of  Pennsylvania  Locomotive. 

engine,  are  connected  for  series-parallel  operation,  but  either 
motor  can,  without  the  aid  of  the  other,  run  the  engine  should 
the  occasion  arise.  Each  unit  is  equipped  with  the  A\'esting- 
house  electro-pneumatic  system  of  multii)le  control,  so  that  in 
a  case  of  a  particularly  heavy  load,  as  many  locomotives  as 
necessary  can  be  used,  each  controlled  by  the  master  controller 
in  the  front  cab  of  the  leading  engine. 

The  location  of  the  motors  is  high  above  the  driving  axles, 


Fig.  4.     General  \"ie\v  of  Running  Gear. 


which  means  that  high  s])eeds  are  possible  lui  turning  without 
any  extreme  stresses  on  the  rails. 

AX'ith  one  motor  alone  the  locomotive  can  exert  a  tractive 
effort  of  30. coo  pounds,  the  maximum  ])ossible  tractive  effort  be- 
ing 69,300  pounds,  although  79.200  pounds  have  been  developed. 

The  maximum  capacity  of  the  locomotive  with  the  two 
motors  is  4,000  h.p.  for  short  periods,  and  2,000  h.p.  continuously. 

The  motors  are  designed  to  o])crate  on  6oo  volts  d.c,  and 
each  weighs  45.000  lbs. 
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The  maximum   speed  obtainable  is  95  miles  per  hour,  and 
the  maximum  guaranteed  speed  is  80  miles  per  hour. 

The  motors  themselves  carry  2.900  amps.,  at  600  volts  full 


Fig.  5.     Detail  View  of  Motor. 


i 


Fig.  6.     I'.Awi   vSialiuu,   IVnn^yhania   Electrificaliuii 


load,  and  operate  at  an  efficiency  at  this  load  of  92.1   per  cent. 
They  take  their  power  from  a  protected  third  rail,  and  are  also 
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connected  to  a  pantagraph  which,  for  safety  purposes,  is  used 
together  with  an  overhead  construction  in  the  case  of  railroad 
crossings  too  wide  for  the  momentum  of  the  train  to  carry  them 
across  at  a  reasonable  speed. 

The  motors  are  provided  with  commutating  poles,  conse- 
quently have  sparkless  commutation,  even  when  carrying  the 
momentary  heavy  currents  used  in  acceleration,  which  are  far  in 
excess  of  the  normal  running  current  of  the  motors. 

Xotwithstanding  the  good  commutation  resulting  from  the 
presence  of  auxiliary  poles,  provision  is  made  to  relieve  the  driv- 
ing gear  from  the  dangerous  shocks  that  would  result  in  the 
event  of  an  accidental  flash-over  at  the  brushes.  A  flash-over 
practically  stops  the  motor  armature  for  an  instant,  and  unless 
the  shaft  can  slip  in  the  armature  core  the  efl-'ect  on  the  driving 
gear  would  be  disastrous. 

This  is  prevented  by  a  slip  clutch  between  the  armature  core 
and  its  spider.  The  clutch  can  be  set  by  means  of  the  springs, 
so  that  slipping  will  start  at  any  overload.  In  the  case  of  most 
of  the  locomotives  these  clutches  are  set  to  slip  at  lOO  p.c.  over- 
load, and  consequently  this  renders  the  pins  and  connecting  rods 
quite  safe. 

The  power  for  operation  of  the  trains  is  supplied  from  the 
power  plant  (Fig.  6),  located  at  Long  Island  City.  At  present 
it  has  a  capacity  of  40,000  k.w.  and  is  capable  of  an  extension  to 
75,000  k.w. 

The  total  number  of  locomotives  used  by  the  Pennsylvania 
is  24,  the  cost  being  about  $50,000  apiece.  These,  together  with 
280  multiple  unit  cars,  take  care  of  all  the  present  traffic. 


OBITUARY. 

Roy  B.  Ross. 

The  death,  in  far-away  Ijuenos  Ayres  of  Roy  B.  Ross,  '05,  a 
few  months  ago,  lessened  our  number  by  one  of  the  most  promis- 
ing young  engineers  of  the  Faculty  of  Applied  Science  has  pro- 
duced. He  received  his  early  education  at  Ingersoll.  Ontario, 
and  afterwards  came  to  Toronto  to  reside,  attending  Toronto 
Junction    High    School.      Mr.    Ross   entered   upon   his   course  in 

Engineering  in  1900,  and  af- 
ter completing  two  years  be- 
came identified  with  the  Otis 
Elevator  Company  of  Yonk- 
ers,  X.Y.  In  1904  he  resum- 
ed his  course. 

After  graduating  with 
honors  he  became  associated 
with  Haney  &  Miller,  in  this 
city.  Leaving  their  employ, 
he  joined  the  International 
Marine  Signal  Co.,  in  their 
Ottawa  office.  His  engineer- 
ing ability  and  ingenuity 
gained  for  him  a  position 
with  the  same  firm  in  New 
York  City  a  short  time  later. 
Then  in  1909,  Mr.  Ross  went 
for  them  to  further  their 
interests  in  Argentine  Re- 
l)ublic.  where  he  remained 
until  the  spring  of  1910.  He 
spent  the  summer  in  his  na- 
tive city,  Toronto,  returning 
to  Buenos  Ayres,  early  last 
fall.  It  was  in  the  south 
that  his  remarkable  progress 
was  checked  and  his  early 
death,  at  the  age  of  26  years, 
occurred. 

Mr.  Ross  was  known 
and  admired  by  every  class- 
mate for  his  congenial  dis- 
position and  exem])lary  companionship,  and  his  devotion  to  the 
ideals  that  characterize  the  successful  engineer.  In  the  crystal- 
lization of  present  into  past,  the  personality  of  Rov  B.  Ross  will 
long  be  remembered  as  a  brilliant  college  man,  and  a  man  of 
promise.  I<'or  those  in  Toronto,  to  whom  the  sad  news  of  his 
death  in  strange  and  distant  Argentine,  came  as  a  bolt  from  blue 
skies,  we  extend  the  sympathy  of  the  class  '05  and  of  the  School. 
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H.  Stanley  Fierheller,  B.A.Sc. 

The  Faculty  of  Applied  Science  lost  one  of  the  brightest  of 
her  younger  members,  and  the  School  one  of  her  most  promising 
graduates  in  the  early  summer  of  1910,  when  H.  Stanley  Fier- 
heller passed  away. 

Stan,  received  his  early  training  in  Markham  public  schools 
and  collegiate,  and  after  obtaining  the  highest  standing  there 
became  one  of  the  most  popular  members  of  the  class  of  '05. 

Immediately  after  taking  the  degree  of  B.A.Sc,  with  honors, 


II.  Stanley  Fierheller,  B..\.,  Sc. 


he  joined  the  electrical  department,  taking  charge  of  the  lectures 
in  electric  circuits  to  the  first  year  and  the  laboratory  work  of 
the  fourth  year.  At  the  end  of  two  years  he  obtained  leave  of 
absence  and  spent  a  year  at  research  work,  publishing  at  the 
end  of  the  year  an  extended  paper  based  upon  his  researches. 
He  returned  to  the  School  in  the  fall  of  1909,  but  ill-health  forced 
him  to  resign. 

His  work  and  his  personality,  as  shown   in  the  short  time 
he  was  with  us,  will  be  a  constant  memorial  to  a  real  man. 
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Milton  Thomas  Culbert,  B.A.Sc. 


The  death  of  Milton  T.  Culbert,  on  March  14th,  removed 
from  the  engineering-  profession  one  of  the  cleverest  men  that 
the  Canadian  mining  industry  has  ever  known.  Mr.  Culbert  was 
born  in  Granton,  near  London,  Ontario,  on  J\Iay  29th,  1880.  He 
received  his  public  school  training  partly  in  Granton  and  finish- 
ed in  London.  r)ntario,  where  he  passed  his  high  school  entrance 

in  1893,  ^t  the  age  of  13.  He 
spent  three  years  at  the  Lon- 
don Collegiate  Institute,  and 
left  school  to  drift  out  to  the 
foothills  of  the  Rockies.  The 
following  summer  he  spent 
in  Parry  Sound,  and  while 
here  visited  the  Calumet  and 
Hecla,  and  the  Bruce  Mines, 
and  took  a  deep  interest  in 
mining.  Some  of  his  mining 
friends  persuaded  him  to 
take  a  mining  course,  to 
which  his  father  readily  con- 
sented. He  passed  his  ma- 
triculation examination  in 
1S98,  and  spent  the  next  four 
}  ears  in  the  mining  course 
of  the  School  of  Practical 
Science,  graduating  and  tak- 
ing his  degree  of  B.A.Sc, 
both  with  honors. 

His  first  summer  vaca- 
tion was  spent  at  Copper 
Cliff;  the  other  three  with 
Prof.  Coleman  on  the  geo- 
logical survey  of  the  Sud- 
bury district.  He  also  pre- 
])ared  the  report  on  the  Hut- 
ton  Iron  Range,  in  1903-4  he  was  demonstrator  in  mineralogy 
and  geology  in  the  University  of  Toronto.  In  1904  he 
compiled  the  map  of  the  Sudbury  Nickel  Range.  The  following 
winter  he  went  to  the  A\'estern  States  for  a  short  time,  and  spent 
some  time  in  the  refinery  of  the  smelter  at  Trail.  B.C.  Hear- 
mg  of  the  Cobalt  find  he  came  east  again,  and  met  Mr.  M.  J. 
0'P>rien  in  the  spring  of  1905,  and  entering  his  service,  proceed- 
ed to  Cobalt,  where  he  opened  up  and  d^eveloped  the  O'Brien 
mine. 

Mr.  Culbert  had  always  taken  an  active  interest  in  the  pro- 
gress of  the  Faculty  of  Applied  Science  and  Engineering.  Since 
his  takuig  up  residence  in  the  ncn-tli  countrv  he  has  been  at  work 


Milton  Thomas  Culbert,  B.A.,  Sc. 
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on  a  collection  of  valuable  ore  specimens,  which  would  have 
soon  been  complete,  for  presentation  to  the  University.  He  was 
actively  associated,  also,  in  all  that  concerned  the  progress  of  the 
Cobalt  and  Temiskaming  districts,  being  a  member  of  the  muni- 
cipal council ;  a  member  of  the  council  of  the  Cobalt  branch  of 
the  Canadian  Mining  Institute  ;  president  of  the  Temiskaming 
Mine  Managers'  Association ;  and  president  of  the  Temiskaming 
S.  P.  S.  Graduates"  Club,  as  well  as  being  prominent  in  Masonic 
and  social  circles. 

His  rapid  advancement  was  checked  by  a  fatal  attack  of 
appendicitis,  and  cut  ofif  death  at  the  early  age  of  30  years. 

The  funeral  in  London  was  conducted  under  ^lasonic  aus- 
pices, and  w^as  attended  by  a  large  delegation  of  mining  and 
municipal  men  from  the  Cobalt  district,  showing  the  esteem  and 
honor  in  w^hich  Mr.  Culbert  was  held. 

To  ]Mrs.  Culbert  and  her  son,  Milton,  jr.,  and  to  ]\lr.  Victor 
Culbert,  B.A.Sc,  '07,  brother  of  the  deceased,  our  heartfelt  sym- 
pathy is  extended. 


PRESIDENT   CAMPBELL'S   RETIRING  ADDRESS. 

Gentlemen : — 

This  is  the  last  time  that  I  shall  have  the  opportunity  of 
addressing  you  as  your  president.  I  wish  to  thank  each  one 
of  you  for  your  hearty  co-operation  throughout  my  term  of 
office. 

The  past  year  has  seen  the  coming  into  effect  of  some  im- 
portant changes  in  the  aft'airs  of  the  Society,  and  with  your  per- 
mission I  v.'ill  review  the  work  of  the  year. 

The  Society  have  had  this  year  for  the  first  time  a  secretary 
employed  exclusively  for  its  work.  ^Ir.  Irwin,  who  has  occu- 
pied this  position,  has  performed  his  duties  as  editor-in-chief  of 
"Applied  Science,"  and  as  manager  of  the  supply  department,  in 
a  manner  highly  satisfactory  to  the  executive  and  to  the  mem- 
bers of  the  Society. 

The  supply  department  has  had  a  record  year.  A  permanent 
sales  clerk  has  been  employed  there  throughout  the  year.  The 
new  system  of  book-keeping  has  been  used  in  this  department 
as  in  the  others.  The  policy  here  has  been  to  extend  the  stock 
handled  and  to  make  only  such  profit  as  is  necessary  to  meet  the 
expenses  of  the  Society.  A\"e  would  like  again  to  draw  the  atten- 
tion of  the  staff  to  the  fact  that  should  they  desire  to  publish 
text  books,  covering  any  of  the  branches  of  our  studies,  the 
vSociety  is  now  in  the  position  financially  to  aid  in  the  publica- 
tion and  distribution  of  such  books. 

Our  monthly,  "Applied  Science,"  as  you  have  heard  from 
the  editor's  report,  has  had  a  good  year.  It  continues  to  grow 
and  promote  more  cordial  relations  between  graduates  and 
undergraduates,  and  we  look  forward  to  its  being  issued  monthly 
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throughout  the  year,  rather  than  for  but  six  months  of  the  year, 
as  at  present.  The  monthly  has  done  much  to  build  up  the  feel- 
ing of  "Boost  for  the  School." 

Our  Annual  Dinner  was  a  success.  At  it  we  entertained 
officers  and  members  of  the  Toronto  Board  of  Trade,  the  chair- 
man and  some  members  of  the  Royal  Commission  on  Technical 
Education,  as  well  as  representatives  from  the  various  educa- 
tional institutions  and  technical  societies  and  journals  of  the  city. 

A  new  social  function  was  started  this  year  by  the  Society. 
We  held  the  first  annual  Science  dance.  The  dance  w^as  a  great 
success  socially  and  financially,  and  the  thanks  of  the  Society 
are  due  to  the  committee  in  charge  of  it. 

The  papers  read  before  the  Society  have  been  of  interest 
and  the  meetings  well  attended.  Speakers  from  Chicago,  Mont- 
real, and  Ottawa,  at  the  expense  of  considerable  time  and  money, 
have  come  to  Toronto  to  address  us  and  to  give  us  the  benefit 
of  their  experiences.  Good  papers  have  been  the  rule.  too.  in 
the  sectional  meetings,  and  excursions  arranged  by  the  vice- 
presidents,  assisted  by  the  staff,  have  been  attended  with  profit. 

The  most  cordial  relations  have  existed  between  the 
students  and  the  staff,  whom  we  have  found  always  willing  to 
aid  in  the  advancement  of  the  Society.  Your  thanks  are  espe- 
cially due  to  Dean  Galbraith.  Prof.  Wright,  and  to  our  repre- 
sentatives on  the  University  Senate,  Mr.  E.  A.  James  and  Mr. 
C.  H.  Mitchell,  for  their  aid  in  carrying  out  the  work  of  the  year. 

One  grievance  we  have,  in  the  cramped  condition  of  our 
reading  room  and  library.  Extension  there  would  indeed  be  ap- 
])reciated  by  our  members.  Some  new  engineering  books  have, 
however,  been  added  to  the  central  library  and  sub-libraries  this 
year,  and  with  the  adoption  of  some  system  of  indexed  catalog- 
ing to  make  the  books  more  available,  Ave  may  have  hopes  for  a 
solution  of  this  trouble  in  the  not  too  distant  future. 

I  have  had  reason  to  congratulate  myself  on  the  very  able 
executive  with  whom  I  have  been  associated  in  carrying  on  the 
afifairs  of  our  Society.  To  them  belongs  the  credit  for  anything 
that  has  been  accomplished  this  year.  I  commend  to  you  foV 
your  approbation  the  members  of  that  executive.  I  congratulate 
you  on  your  choice  for  the  coming  year,  and  feel  confident  that 
under  their  guidance  the  Society's"  best  interests  will  be  ad- 
Aanced. 

In  conclusion,  let  me  thank  you  for  the  honor  you  have  done 
me.  an  honor  which  it  has  alwa'ys  been  my  honest  endeavor  to 
merit. 

I  take  great  pleasure  in  introducing  to  you  vour  president- 
elect for  1910-11.  Mr.  A.  W.  McPherson. 


THE  TREASURER'S  REPORT. 

Toronto.  A])ril  ist.  191 1. 
Gentlemen — 

I  beg  to  submit  my  report  as  treasurer  of  the  Engineering 
Society  during  the  year  1910-11.  The  system  of  bookkeeping 
recommended  by  the  auditor  a  year  ago.  and  described  in  the  re- 
vised edition  of  the  Constitution,  has  been  very  satisfactory, 
enabling  us  at  all  times  to  have  our  financial  affairs  under  easy 
supervision. 

Through  the  medium  of  the  Supply  Department  the 
Society  ventured  this  year  upon  the  publication  of  a  number  of 
booklets  bearing  upon  courses  of  lectures.  Among  these  were 
"Notes  on  Descriptive  Geometry  for  the  Third  Year."  by  Air.  J- 
R.  Cockburn  ;  "Notes  on  Dynamics  of  Rotation/'  by  Prof.  \\\  J- 
L.oudon  ;  "Notes  on  the  Chemistry  of  Fuels."  by  Dr.  Ellis,  and 
"Notes  on  the  Calculus,"  by  Air.  S.  Beatty.  the  latter  being  a 
small  textbook  of  some  sevent)-  pages.  The  department  also 
began  the  sale  of  photographic  supplies,  and,  in  short,  broadened 
out  extensively  to  meet  the  needs  of  undergraduates. 

Aoplied  Science  has.  during  the  year,  almost  succeeded  in 
refunding  to  the  Society  the  $275  paid  to  the  former  editor  last 
summer,  this  amount  having  been  due  him  upon  commission 
basis,  and  having  been  left  over  by  the  former  executive.  This 
has  evidently  been  an  exceedingly  successful  year  for  the 
monthly. 

A  summarv  of  the  business  of  the  vear  appears  herewith  : 

Cash  Book  Balance. 

From  April  ist.  1910.  to  April  ist.  191 1. 
RECEIPTS. 

From  1909-10  E.xecutive  : 

Cash  in  Bank S      324.84 

Cash  in  Till 28.50 

Deficit  of  Cash 2.29 

Merchandise  Sales 7,563.68 

Applied  Science 1,377.72 

Fees 748.00 

Annual  Dinner 509-65 

Annual  Dance 40-75 

Telephones 49-75 

Outstanding  Cheques,  March  31st,   1911....  440.08 

$11,085.26 


DISBURSEMENTS. 
To  1911-12  Executive — 

Cash  in  Bank S      344-09 
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Forward   $  344-09 

Cash  in  Till 417-49 

Applied  Science 2,011.24 

Sup])ly  Dc])artment — 

Merchandise   5-513-31 

Salaries 966.33 

Meetings  and  Entertainment 229.55 

Annual  Dinner 715.06 

Sundry  Expenses 700.44 

Telephones i<^7-75 


$11,085.26 


Balance  Sheet. 

RESOURCES. 

Merchandise,  as  per  inventory  Mar.  31,  T911.  $1,676.05 

Cash  on  Eland 417-94 

Cash  in  Bank 344-09 

Accounts  Due  Supply  Department 70.66 

Accounts  Due  Applied  Science 1.078.98 

Eees  Outstanding 70.00 

Dinner  Deposits 40.00 

Office  Equipment  less  10  p.c.  depreciation   .  .  .  212.85 

$3,910.57 

LL\BILITIES. 

Accounts  Outstanding-  Applied  Science 2.52 

Accounts  Outstanding  Supply  Department.  .  .  91. 11 

93.63 
Surplus 3.816.94 

$3,910.57 

Surjilus  March  3Tst.  1911   $3,816.94 

Surplus  March  31st.  19T0 2,862.48 

Net  Gain  for  Year $    954.46 

Respectfull}-  submitted. 

M.  P..  WATSON. 

Treasurer. 
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EDITORIAL 

The  April  issue  of  ".\pplied  Science"  appears  again  as  a  re- 
minder to  the  Alumni  that  the  term  is  at  its  close.  The  under- 
i.^raduate  readers  beg"  to  he  excused  from  l)eing 
Volume  IV.  included  within  the  range  of  suoli  a  warning". 
Number  6.  They  need  it  not:  with     them     the     remaining" 

hours  are  numbered.  .\s  to  the  trial  balance 
tl^at  the  month  of  April  is  striking  for  them  at  present,  and  like- 
wise, to  the  fulness  of  the  coming"  vacation  "Applied  Science" 
concurs  with  them  in  their  anticipations  and  hopes. 

In  A'olume  IV.  there  appears  to  the  editor  a  goodly  number 
ot  deficiencies  in  the  make-up  of  the  Journal.  Many  of  them,  six 
months  ag^o.  seemed  so  easy  to  dodg^e.  Like  the  undergraduate, 
he  has  "hopes,"  and  these  are  that  the  shortcomings  have  not 
all  bared  themselves  under  the  eye  of  publicity,  and  that  ihe 
publication,  as  a  whole,  is  not  the  standard  by  which  the  .Munni 
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measure  the  particular  branch  of  the  University  of  Toronto  in 
which  they  are  rnost  interested. 

The  Faculty  of  Applied  Science  and  Engineering  has,  like 
the  monthly,  shown  but  little  outward  evidence  of  material  pro- 
gress over  last  year.  No  new  buildings  have 
The  been  added.    The  old  red  brick,  under  the  name 

Faculty.  of     Engineering     Building,     still     adorns     the 

southern  border  of  the  campus.  In  fact,  to  the 
daily  passer-by.  everything  seems  the  same,  except  for  the  quak- 
ing upheaval  that  is  slowdy  slicing  the  grounds  to  the  north  and 
south,  with  a  view  to  producing  heat  and  light  from  the  direc- 
tion of  the  ravine. 

I'>ut  within  doors  the  year  has  been  one  of  the  most  pro- 
gressive. Each  of  the  seven  courses  of  instruction  has  made  good 
progress  in  establishing  better  working  foundation  and  broader 
scope,  and  in  every  department  there  appears  to  be  at  present 
the  desired  combination  of  the  old  fundamental  principles  with 
and  by  methods  that  are  the  most  modern  and  best  established. 
\\^e  do  not  know  whether  or  not  this  was  the  policy  laid  dowai 
a  year  ago,  but,  at  all  events,  it  has  made  itself  strongly  known. 

\\'hen  the  copy  is  closed,  this  number,  enlarged  to  nearly 
twice  its  usual  size,  has  the  proportions  which  it  is  to  be  hoped 
it  will  attain  within  the  next  few  years.  We 
List  of  trust  that  upon  opening  it  and  glancing  through, 

Graduates.  the   reader  will  not  find   disappointment  in  the 

cause  of  the  increase  in  the  number  of  pages. 
IMie  contained  list  of  graduates  is  taken  directly  from  the  Cal- 
endar for  1911-12,  that  is  now  on  the  press.  Its  publication  here 
will  give  the  members  of  the  classes  of  '05  and  '95  and  '85  an  idea 
of  the  ex])ansion  and  of  the  result  of  the  early  and  unceasing 
efforts  of  the  men  to  whom  this  expansion  can  readily  be  traced. 
It  will  give  classmates  the  addresses  of  their  classmates,  and  will 
give  all  to  understand  that  "back  home"  their  names  and  present 
professional  capacities  are  on  record.  We  ask  each  one  to  aid  us 
in  keeping  this  record  as  up-to-date  as  possible.  This  only  re- 
(|uires  the  mailing  of  a  postcard  to  inform  us  of  any  change  of 
address.  Professional  news  of  the  graduates  is  also  very  much 
appreciated. 

The  ap])earance  in  this  issue  of  further  examples  of  work 
d(inc  in  the  Department  of  Architecture  need  not  be  explained. 
The  illustrations  speak  for  themselves.  That 
Archi-  this  course  in  the    I'nivcrsity    of    Toronto    has 

tectural.  been  making  rapid  advancement  is  the  word  left 

by  leading  architects  who  have  visited  it  re- 
cently, 'i'hese  men  being  qualified  to  judge  by  the  correct  stan- 
dards of  the  present,  their  approval  bears  considerable  weight. 

The  few  examples  of  design  shown  here  are  supplementary 
to  those  which  appeared  in  the  February  issue,  and  are  indica- 
tive of  the  work  done  in  the  four  vears  of  the  course. 
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There  are  approximately  two  dozen  of  our  graduates  in 
Montreal.    The  number  increases  yearly,  and,  during  the  summer 

months,  is  nearly  twice  as  large,  owing-  to  the 
S,  P.  S.  Club  presence  in  that  city  of  many  of  our  under- 
in  Montreal.        graduates.     Just  at  present  there  is  some  little 

talk  of  an  S.  P.  S.  Club  being  formed.  The  en- 
terprise would  undoubtedly  succeed.  The  clubs  in  New  York 
and  Pittsburg  are  extremeh^  well  founded  and  well  recognized. 
The  S.  P.  S.  Temiskaming  Club  is  an  energetic  org-anization,  that 
does  not  hesitate  at  inadequacies  of  location  or  environment.  It 
has  been  an  im])ortant  pillar  in  the  ])rogress  of  the  "Cobalt  region, 
and  the  credit  is  due  to  the  enthusiasm  and  efforts  of  the  late  iNIr. 
Culbert  and  his  colleagues. 

In  Montreal  there  are  men  of  the  old  "School,"  who  have 
kept  in  touch  Avith  us  as  well  as  their  opportunities  would  per- 
mit. There  are  men,  too,  of  the  most  recent  classes,  and  men 
of  the  years  between.  A  few  of  them  have  been  in  close  rela- 
tions with  the  Faculty  of  Applied  Science,  knowing  its  accom- 
plishments, obstacles,  and  requirements.  In  all.  there  is  a  find 
of  subjects  for  discussion  concerning  the  old  "School"  which,  in 
addition  to  the  current  engineering  topics,  would  create  suffi- 
cient interest  to  assure  the  success  of  an  organization  meeting. 

We  would  be  glad  to  hear  of  such  a  Avorthy  step  being  taken. 

On  another  page  appears  a  word  from  the  Secretary  of  the 
Facult}^  in  the  interests  of  the  employment  bureau.  That  this 
department  is  receiving  ample  recognition  from 
The  Employ-  engineers  and  manufacturers  is  evidenced  by  the 
ment  Bureau.  fact  that  at  no  time  during  the  past  year  were 
names  of  applicants  for  positions  on  file  for  any 
lengthy  period.  Oftentimes,  solicitations  for  men  from  manu- 
facturing firms  could  not  be  met.  We  feel  that  to  the  Alumni  is 
due  no  little  credit  for  this  favorable  condition  of  affairs. 

Just  at  present,  however,  the  bureau  is  besieged  with  appli- 
cants for  work — men  who,  in  the  press  of  preparation  for  exam- 
inations, have  been  unable  to  make  their  own  arrangements  for 
the  coming  summer.  Any  information,  therefore,  that  the  grad- 
uate readers  of  Applied  Science  may  be  able  to  give  in  the  plac- 
ing of  these  men  during  the  next  fortnight  or  month,  or  that  will 
ir.  any  way  alleviate  the  burden  upon  the  employment  bureau, 
will  be  very  much  appreciated,  especially  by  the  undergraduates 
themselves. 


C.  Cooper,  '99,  is  engaged  at  Keokuk.  Iowa,  with  the  Keokuk 
and  Hamilton  Water  Power  Company. 

J.  Hemphill,  "09.  who  for  the  past  two  years  has  been  in  the 
employ  of  the  Lake  Superior  Corporation  at  Sault  Ste.  Marie,  has 
accepted  a  position  with  the  Canton  Electrical  Company,  of  Can- 
ton, Ohio. 


PROFESSOR    HAULTAIN    AT    THE    DINNER    OF    THE 
UNIVERSITY  OF  TORONTO  CLUB  OF  NEW  YORK. 

The  annual  dinner  of  the  University  of  Toronto  Club  of 
New  York  was  held  in  the  Engineers'  Club  on  February  i8th. 
Dr.  Reeve,  ex-Dean  of  the  Faculty  of  Medicine,  and  Professor 
Ilaultain  were  the  guests  from  Toronto. 

In  his  speech  Professor  Haultain  explained  that  he  had  not 
yet  been  completely  absorbed  into  the  academic  life ;  that  in 
many  things  he  still  felt  very  much  as  an  outside  graduate,  still 
feeling  his  way  in  his  new  environment.  He  expressed  his  appre- 
ciation of  being  a  member  of  the  Faculty  of  Applied  Science  and 
Engineering,  and  touched  on  matters  of  University  organization 
from  the  point  of  view  of  the  newcomer.  After  an  expression  of 
a  very  warm  appreciation  of  Dean  Galbraith*  he  spoke  in  part 
as  follows. 

"This  morning  I  had  the  good  fortune  to  meet  one  of  the 
prominent  members  of  the  Board  of  Trustees  of  Columbia  Uni- 
versity. This  Board  of  Trustees  largely  combine  the  functions 
of  our  Board  of  Governors  and  of  our  Senate.  I  told  him  of  my 
impending  speech  this  evening,  and  asked  him  for  a  word.  He 
said :  Tell  them,  this ;  the  best  thing  Columbia  ever  did  was 
when  they  put  Alumni  representatives  on  the  Board  of  Trustees.' 

"Xow,  as  you  are  av/are,  representatives  of  the  Alumni, 
chosen  by  the  Alumni,  sit  on  our  Senate.  The  Senate  is  a  part 
of  the  University  to  which  I  have  not  yet  penetrated.  The  other 
professors,  in  Arts,  and  Applied  Science  and  Engineering,  have 
a  seat  there,  but  the  department  of  ]^Iining  Engineering  is  not 
rcoresented.  They  tell  me  it  is  an  august  body,  and  is  vener- 
ated as  such.  As  far  as  the  Engineering  Faculty  is  concerned, 
its  confidence  in  our  Faculty  Council  seems  to  leave  it  without 
further  function  than  that  of  confirming  our  actions.  It  has  the 
steadying  effect  of  an  upper  house,  but  the  real  work  of  organ- 
ization and  of  progress  is  done  in  our  own  Faculty  Council,  de- 
pendent always,  of  course,  upon  the  Board  of  Governors,  who 
hold  the  purse  strings.  Here  is  where  the  graduates  should  be, 
on  the  Faculty  Council  and  on  the  Board  of  Governors.  In  con- 
nection with  this  there  is  one  thing  that  has  been  impressed 
upon  me  very  strongly  in  my  acadernic  work.  I  was  aware  of  it 
when  I  entered,  and  it  has  been  imi^ressed  upon  me  at  every  turn 
smce.  The  academic  work  is  and  must  be  very  diflFerent  from 
the  field  work.  There  are  certain  things  in  Avhich  thev  approach, 
r.i  all  things  the  one  must  be  governed" bv  the  needs  o"f  the  other, 
but  they  are  and  must  remain  inherently  difl^'erent.  The  corol- 
lary to  this  is:  The  graduate  who  would  be  of  much  service  to 
the  University  must  l)e  in  close  touch  with  things  academic.  The 
place  for  him  is  in  the  heart  of  things,  the  Facultv  Council.  An 
n responsible  man,  a  man  who  jumped  to  conclusions  without 

*See  University  Monthly.  April,  iqii 
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careful  study,  might  do  very  much  harm  in  such  a  position,  as 
he  would  in  any  other  delicate  position.  l)ut  the  graduates  can 
be  depended  upon  to  choose  good  men.  I  would  leave  an  idea 
with  you — an  idea  that  I  would  fain  enlarge  upon,  did  time 
permit.  A  graduate  on  the  Faculty  Council  or  on  the  Board  of 
Governors  might  have  a  very  valuable  catah'tic  action.  There 
might  be  more  in  the  results  he  brought  about  between  others 
than  in  what  he  did  himself." 


WHAT  OUR  GRADUATES  ARE  DOING. 

H.  F.  Shearer.  '08,  formerly  with  the  Allis  Chalmers  Comp- 
anv  in  Cincinnati,  is  with  Smith,  Kerry  and  Chace,  in  their  To- 
ronto office. 

H.  J.  Acres,  '03,  is  with  the  Hydro-Electric  Power  Commis- 
sion, with  headquarters  in  Toronto. 

R.  E.  AIcArthur,  "00,  is  in  the  construction  department  of 
the  Canadian  Pacific  Railway  in  ^^lontreal. 

A\\  F.  Stubbs,  '05.  is  with  the  Trussed  Concrete  Steel  Com- 
p?ny,  W'alkerville.  Ontario. 

P.  AI.  Thompson,  '07,  is  in  the  employ  of  the  American 
Bridge  Company  at  Ambridge,  Pa. 

Chas.  Flint,  '08,  is  with  the  ]\lacDonald  Engineering  Com- 
pany, of  Chicago. 

C.  Johnston,  '06.  is  district  engineer  for  the  Canadian  North- 
ern Railway,  with  headquarters  in  Toronto. 

T.  J.  McFarlen,  '93,  is  with  the  Atikokan  Iron  Company. 
Port  Arthur,  Ontario. 

Chester  B  Hamilton,  ir.,  B  A.Sc,  'o6,  is  managing  a  new 
firm  imder  the  name  of  the  Hamilton  Gear  and  Machine  Co., 
which  w'll  -pc'^ialize  in  cut  gears.  The  factory  will  be  located 
at  the  corner  of  Concord  and  Van  Home  Ave. 

D.  J.  Miller,  '10,  is  connected  with  the  Alberta  Central  Rail- 
way, at  Red  Deer,  Alta. 

G.  H.  Richardson.  '88,  is  in  Edmonton.  Alta.,  with  the  Yel- 
lowhead  Pass  Coal  and  Coke  Company. 

S.  B.  Code,  '04,  is  tOAvn  engineer  of  Smith  Falls. 

W.  M.  Currie,  '04,  is  managing  director,  Canada  Steel  Co. 
Ltd.,  Hamilton. 

Geo.  Hogarth,  '09,  is  assistant  engineer,  Dept.  of  Public 
^^'orks,  Parliament  Buildings,  City. 

F.  C.  Jackson,  '01,  is  in  partnership  at  La  Tukue,  Quebec, 
under  the  name  of  Jackson  and  Connolly,  contractors. 

A.  W.  Lamont.  '09,  is  sales  engineer  with  the  Canadian 
Westinghouse  Co.,  Ltd.,  in  their  Winnipeg  office  . 

E.  W.  Kay,  '07,  is  in  the  sales  department  of  the  Canadian 
Westinghouse  Company.  Winnipeg. 

C.  S.  Dundass,  '06.  is  in  Lachine,  Quebec,  with  the  Dominion 
Bridge  Comoanv. 
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APPLIED  SCIENCE  7 

some  of  those  peculiar  and  mysterious  laws  of  gravity  elaborat- 
ed in  ihe  classroom,  a  pail  of  water  was  suddenly  and  with  a  high 
initial  velocity  thrust  from  a  cavity  in  the  ceiling  and,  while  only 
one  man  received  the  pail,  several  welcomed  a  temporary  relief 
of  mud  such  as  was  afforded.  This  slight  detail  was  closely  al- 
lied to  the  action  of  some  man  who  missed  his  calling,  who  so 
neatly  and  properly  cut  the  beautiful  and  mud-colored  hair  of  a 
dignified  and  lofty  freshman.  During  the  tonsorial  treatment  a 
refreshing  massage  of  "  eau  de  la  muque  "  was  applied  to  the 
back,  and  a  few  other  cursory  operations  were  performed. 

One  or  two  of  the  dail}'  papers  were  represented  at  the  elec- 
tions and  courteously  devoted  a  few  lines  to  the  method  of 
toughness  and  graft  which  pervaded.  These  mild,  youthful  rep- 
resentatives of  the  press  would  have  had  more  to  say  had  they 
gone  "  through  the  mill."  The  brave  men  who  ventured 
"  through  "  to  vote  were  rewarded  in  the  usual  manner  with  a 
corn-cob  pipe,  a  large  ( !)  red  package  of  dangerous-looking 
straight-cut,  and  oranges  and  apples. 

Printed  programmes  of  the  evening's  sport  Avere  circulated. 
The  regular  contests  ran  as  follows :  The  fourth  year  defeated 
the  third  year  in  the  tug-of-war,  but  was  finally  overcome  by  the 
first  year,  who  hopelessly  pulled  them  "all  over  the  lot."  The 
boxing  and  wrestling  and  the  paper  fight  all  supplied  great  am- 
usement. In  basketball  the  J^miors  defeated  the  Seniors,  but  in 
broomball  the  Seniors  were  the  victor  over  the  Juniors.  How- 
ever, there  were  some  sensational  events  not  listed.  Not  the 
least  of  these  was  a  real  live,  energetic,  good-natured  scrap  last- 
ing for  a  long  period.  Two  of  the  three  men  involved  were  ob- 
liged to  borrow  outfits  of  overalls,  etc.,  in  order  to  be  legitimate- 
ly clothed  to  proceed  homeward. 

This  one  night,  the  roughest  of  the  year,  at  which  each  man 
endeavors  to  look  and  be  his  toughest,  is,  undoubtedly,  a  fine  in- 
stitution in  the  faculty.  The  health  and  vigor  of  youth  and  man- 
hood here  show  themselves,  always  rough,  never  irresponsible,  in 
one  great  final  fling  before  settling  down  to  the  grind. 

The  executive  chosen  for  the  next  year  indicates  strength, 
and.  by  what  the  individual  officers-elect  promised  as  candidates, 
is  to  be  the  finest  ever.    The  executive  was  elected  as  follows : 

President — \\'.  B.  McPherson. 

1st  Vice-President — B.  Watts. 

2nd  Vice-Presidents — Civils  and  .'Xrchitects.  J.  H.  Ritchie; 
Chemists  and  Miners.  K.  MacPachlan  ;  Ellectricals  and  Mechani- 
cals— G.  J.  Mickler. 

Treasurer — F.  Elliott. 

Corresponding  Secretarv — A.  McQueen. 

4th  Year  Rep.— W.  J.  t.  ^^•right  face.) 

3rd  Year  Rep.— R.  F.  B.  Wood. 

2nd  Year  Rep. — F.  C.  ^Techin. 

Recording  Secretary — IT.  .A.  TTeaton. 

Curator — R.  G.  Matthews. 


PRESENTATION  TO  MR.  W.  J.  SMITHER,  '04. 

A  pleasinsi^  sequel  to  the  recent  Re-L'nion  Dinner  of  the 
Graduating-  Class  of  1904,  and  the  Post-Graduate  Class  of  1905 
of  the  Faculty  of  Applied  Science,  was  the  presentation  by  his 
classmates  of  a  gold  watch  to  Mr.  \\\  J.  Smither,  '04,  who  for 
four  years  has  been  seriously  ill  and  during  the  greater  part  of 
that  time  unable  to  leave  his  bed.  At  present  Mr.  Smither  is  in 
the  Orthopedic  Hospital.  100  Bloor  St.  west,  Toronto,  from  which 
he  writes  the  following  letter  of  thanks  to  those  who  were  con- 
cerned in  the  gift : 

Orthopedic  Hospital, 

Toronto,  Feb.  15,  191 1. 

The  Graduates  of  '04  and  Post  Graduates  of  "05. 

Dear  Classmates. — I  take  this  means  of  conveying  in  part 
my  gratitude  for  the  kind  and  sympathetic  manner  in  which  you 
remembered  me  at  the  Re-Union  Dinner,  and  for  the  beautiful 
token  of  our  comradeship  of  student  days,  which.  I  know,  is  but 
an  evidence  of  3'our  good  wishes  for  my  speedy  and  complete 
reco\'ery. 

Words  are  inade(|uate  to  ex])ress  my  a])preciation  of  your 
thoughtfulness.  but  if  your  pleasure  in  giving  me  this  beautiful 
watch  be  one-half  as  great  as  mine  in  receiving  it.  you  will  all 
know  how  I  feel  when  I  tender  you  my  heartfelt  thanks.  It 
will  always  be  a  lasting  remembrance  of  the  true  friendship  and 
sympathy  of  my  old  classmates  for  me  in  this  long  illness. 

\\^ith  sincere  wishes  for  your  individual  success.  I  am,  most 
sincerely,  yours, 

W.  J.  SMITHER.  '04. 

"Applied  Science"  extends  its  sympathy  to  Mr.  W.  J.  Gra- 
ham in  his  bereavement.  Mrs.  Graham  died  on  Tuesday  morn- 
ing, March  21st.  after  a  lingering  illness.  Our  regrets  are  on  be- 
half nf  everv  graduate  and  undergraduate  of  the  "  School." 

DEATH  OF  M.  T.  CULBERT,  '02. 

On  Tuesday.  March  14th,  Mr.  M.  T.  Culbert.  B.A.Sc, 
succumbed  to  appendicitis  in  St.  Michael's  Hospital,  Tor- 
onto. Mr.  Culbert,  as  manager  of  the  O'Brien  ^Mining 
Company,  Cobalt,  was  one  of  the  most  prominent  among 
mining  men,  and  will  be  sadly  missed  by  his  associates 
in  Xorthern  Ontario,  and  by  all  who  knew  him,  profes- 
sionally or  as  a  classmate. 

G.  B.  ARMSTRONG,  '14. 

The  death  was  announced  of  Mr.  G.  \\.  Armstrong,  a 
rnember  of  the  Class  '14,  who  died  at  his  homo  in  Owen 
Sound  a  short  time  ayo. 


THE  CANADIAN  CEMENT  AND  CONCRETE  ASSOCIA- 
TION. 

Regarding-  the  exhibition  of  the  Canadian  Cement  and  Con- 
crete Association,  held  recently  in  Toronto,  The  Toronto  Daily 
Globe,  editorially,  has  this  to  say: 

"  The  Cement  Show,  which  has  been  open  for  several  days, 
is  one  of  the  most  attractive  industrial  exhibitions  Toronto  has 
ever  had.  Its  drawing  power  is  due  not  so  much  to  its  appeal  to 
the  sense  of  the  beautiful  as  to  the  growing  importance  of  ce- 
ment for  a  great  variety  of  industrial  purposes.  These  have  mul- 
tiplied in  number  so  rapidly  in  recent  years  as  to  be  positively 
bewildering  to  all  but  the  experts,  and  even  they  find  it  difficult 
to  keep  up  with  the  procession." 

The  Canadian  Cement  and  Concrete  Association  organized 
in  Toronto  in  April.  1908,  has  been  patterned  after  the  Concrete 
Institute  of  Great  Britain,  and  the  National  Association  of  Cem- 
ent Users  of  the  United  States,  each  of  which  has  established 
itself  in  its  own  country  as  an  authoritative  educational  body  on 
matters  relating  to  the  uses  of  cement  and  concrete.  Similarly 
the  Canadian  Association  aims  at  advancing  the  knowledge  of 
concrete  and  reinforced  concrete,  and  directing  attention  to  the 
uses  to  which  these  materials  can  be  best  applied.  It  will  short- 
ly issue  a  volume  of  proceedings  for  the  year,  a  feature  of  which 
will  be  its  standard  specifications.  That  the  Association  is  not  a 
money-making  organization  is  evidenced  by  the  fact  that  it 
costs  practically  twice  as  much  to  conduct  the  annual  exhibition 
and  convention  as  is  recei\-ed  from  the  price  of  admission,  and 
the  sale  of  space. 

The  papers  read  at  the  convention  were,  for  the  most  part, 
of  a  superior  kind,  and  the  discussions  following  them  were  in- 
structive. Mr.  Richard  L.  Humphrey,  director  of  the  Federal 
Testing  Laboratories  of  the  United  .States,  contributed  two  pap- 
ers, both  of  which  were  listened  to  with  much  interest.  It  is 
probable  that  the  next  meeting  will  be  held  in  Montreal. 


THE  U.  OF  T.  CLUB  IN  PITTSBURG. 

The  University  of  Toronto  Club  of  Pittsburg  has  a  large 
membership  that  is  constantly  growing.  The  Club,  primarily 
composed  of  graduates  from  the  Faculty  of  Applied  Science,  in- 
cludes all  other  faculties  of  the  University  that  may  be  repre- 
sented in  Pittsburg  or  vicinity.  .At  the  annual  meeting  for  the 
election  of  offi'cers.  at  the  Hotel  Henry,  a  short  time  ago,  the 
following  officers  were  elected  for  the  ensuing  year: 

President — H.  M.  Scheibe. 

Vice-President — D.  \\\  ^Farrs. 

Secretary-Treasurer — J.  (i.  R.  Alison.  ?S  Water  street,  Pitts- 
burg. 


THE  D.  L.  S.  AND  O.  L.  S.  EXAMS. 

The  following-  are  the  names  of  the  men  who  were  suc- 
cessful at  the  recent  Dominion  Land  Surveyors'  examinations : 
C.  E.  Bush,  'o7;  G.  C.  Cowper,  '07;  F.  M.  Eagleson,  '08;  A.  E. 
Glover,  '09;  J.  E.  Gray,  '09;  W.  J  Johnston,  '09;  R  M.  Lee;  E. 
S.  Martindale,  '09;  O.  W.  Martyn,  "09;  F.  V.  Seibert,  '09;  C.  M. 
Walker,  '09. 

Those  successful  in  the  Ontario  Land  Surveyors'  examina- 
tions are  as  follows:  R.  M.  Anderson,  '08;  H.  W.  Tate,  '09;  J. 
T.  Ransom,  '08;  C.  B.  Allison,  '08;  W.  E.  Taylor,  '09;  W.  G. 
McGeorge,  '08;  J.  E.  Jackson.  'o9 ;  J.  A.  Brown,  '07;  A.  E.  Jupp, 
'06;  R.  Grant,  '09;  graduates  of  the  Faculty  of  Applied  Science, 
and  N.  J.  Slater,  A.  McMeekin,  A.  Roger,  and  C.  H.  Attwood, 
of  other  universities. 


ERRATA. 


In  the  article  entitled.  "Incandescent  Lamps,"  by  M.  B. 
Hastings,  in  February  issue  (Vol.  IV.,  No.  4)  the  last  lines 
of  page  128  should  read,  "At  the  present  time  the  '^lazda' 
lamp  is  composed  of  tungsten  filaments,  but  if  carbon  or  some 
at  present  unknown  filament  be  found  which  would  result  in  a 
lamp  of  higher  efiiciency  than  the  present  tungsten  filament 
lamp,  it  would  be  the  'Mazda.'  " 

Again,  on  page  130,  the  percentages  in  the  first  line  should 
read  0.45  and  0.18  respectively,  and  the  fifth,  35  per  cent,  in- 
stead of  3  per  cent. 

(Mr.  Hastings'  paper  is  a  valuable  one,  and  we  regret  the 
overlooking  of  this,  at  the  proper  time.  Readers  will  confer  a 
favor  by  pencilling  the  necessary  change.) 


WHAT  THE  GRADUATES  ARE  DOING. 

J.  T.  Jrjhnston,  'o8.  is  assistant  engineer,  section  five,  Trent 
Valley  Canal. 

T.  H.  Alison,  '92  is  Secretary  and  Chief  Engineer  of  the 
Bergen  Point  Iron  Works,  Bayonne,  X.  J. 

James  A.  Beatty,  '03,  is  in  business  in  Peterboro'  with 
Morrow  and  Beatty.  general  contractors. 

E.  R.  Birchard,  '09,  is  in  charge  of  the  drafting  and  design- 
ing for  the  Canada  Producer  and  Gas  Engine  Co..  Barrie,  Ont. 

J.  H.  Kennedy,  '88,  is  chief  engineer  for  the  Groat  Northern 
Railway.  Vancouver,  B.  C. 

H.  E.  Brandon,  '06,  is  chief  engineer  for  the  \'^ulcan  Iron 
Works,  Winnipeg. 

H.  S.  Carpenter.  '97,  is  Superintendent  of  Highways,  Dep't 
of  Public  Works,  Regina. 
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GRADUATES. 

Graduates  are  requested  to  inform  the  Secretary  of  changes  in  their 
addresses. 


1881. 


I.  J.  L.  Morris,  C.E.,  O.L.S. 


Pembroke,  Ont. 

Windsor,  Missouri. 
Vancouver,  B  C. 

I.   D.  Burns,  O.L.S.,  A.M.,  Can.  Soc.  C.E.,  Pittsburgh,  Pa. 

Instructor  in   Mathematics  and  Plan  Drawing,  Carnegie   Technical 
Schools. 

I.  G.  H.  DuGGAN,  M.  Can.  Soc.  C.E..  Glace  Bay,  N.S. 

Dominion  Coal  Co.,  Ltd. 

I.  J.  W.  Tyrrell,  C.  E.,  D.L.S.,  Hamilton,  Ont- 

Tyrrell  &■  MacKay,  Consulting  Engineers  and  Surveyors. 


Morns  and  Moore  Land  Surveycrs  and  Architects. 

1832. 

I.   D.  Jeffrey 

Contractor. 
I.  J.  H.  Kennedy,  C.E.,  O.L.S., 

Chief  Engineer,  Great  Xorlhem  Ry. 

I.  J  McAree,  B.A.Sc,  D.T.S.  (Deceased.) 

1883. 


1884. 
I.  W.  C.  KiRKLAXD,  New  Orleans,  La. 

Principal  Assistant  Engineer,  Drainage,  Sewage  and  Water  Board  of 
New  Orleans. 
I.  J.  McDouGALL,  B.A.  (Deceased.) 
I.  A.  R.  Raymer,  Pittsburgh,  Pa. 

Assistant  Chief  Engineer,  P.  Sf  L.  E.  Ry. 
I.  James  Robertson,  O.L.S., 

Commissioner,  The  Canada  Co. 
I.  E.  W.  Stern,  M.  Am.  Soc.  C.E., 

Consulting  Civil  Engineer. 


Toronto,  Ont. 
103  Park  Ave.,  New  York. 


1885. 
I.  J.  F.  Bleakley, 

Civil  Engineer. 
I.  H.  J.  Bowman,  D.  &  O.L.S.,  M.  Can.  Soc.  C.E., 

Bowman  &  Connor. 
I.  E.  E.  Henderson,  O.L.S., 

Civil  Engineer. 
I.  B.  a.  Ludgate,  O.L.S., 

Assistant  Engineer,  P.  &  L.  E.  Ry. 

I.  O.  McKay,  O.L.S., 

Civil  Engineer  and  Surveyor. 


Bowmanville,  Ont. 

Berlin,  Ont. 

Henderson,  P.O.,  Me 

Pittsl)urgh,  Pa. 

Walkerville,  Ont. 


List  of  Graduates 

1886. 

A.  M.  Bowman,  D.L.S.,  Pittsburgh,  Pn. 

Pennsylvania  Contracting  Co. 

E.  B.  Hermox,  D.  &  O.L.S.,  Vancouver,  B.C. 

Assistant  Engineer  Vancouver  Power  Co. 
Robert  Laird,  O.L.S.,  Haileybury,  Ont. 

Laird  &  Routly,  Engineers  and  Surveyors. 
T.  Kennard  Thomson  C.E.,  M.  Can.  Soc.  C.E.,    AI.   Am.   Soc.    C.E., 

Hudson  Terminal  Building,  New  York. 

Consulting  Engineer. 
H.  G.  Tyrrell,  C.E.,  A.M.  Can.  Soc.  C.E.,  2151  Fulton  Ave.,  Cin.,  Ohio. 

Chief  Engineer,  The  Brackett  Bridge  Co. 

1887. 
J.  C.  Burns  (deceased.) 
A.  E.  LoTT,  Los  Angeles,  Cal. 

Constdting  Railway  Engineer,  441  Bradbury  Building. 
A.  L.  McCuLLOUGH,  O.L.S.,  B.C.L.S.,  A.M.  Can.  Soc.  C.E.,  Nelson,  B.C. 

Engineer  and  Surveyor. 

F.  Martin,  M.B.,  O.LS., 

Physician. 

C.  H.  PiNHEY,  D.  &  O.L.S.,  no  Wellington  St.,  Ottawa,  Ont. 
J.  Rogers,  O.L.S.,  Mitchell,  Ont. 

Town  Engineer. 

1888. 

J.  F.  Apsey,  O.L.S.,  3205  Wallbrook  Ave.,  Baltimore,  Md. 

Assistant  Divison  Engineer,  Baltimore  Sewerage  Commission. 
W.  T.  Ashbridge,  C.E.,  1444  Queen  St.  E.,  Toronto,  Ont. 

Engineer  and  Surveyor. 
Edward  F.  B.\ll,  A.M.  Can.  Soc.  C.E.  , 

335  Madison  Ave.,  New  York,  N.Y. 
Chief  Assistant  Engineer,  Land  and  Tax  Department,  N.  Y.  Central  fif 
Hudson  River  Railroad. 

D.  B.  Brown,  O.L.S.,  Quebec,  P.Q. 

Locating  Engineer,  Transcontinental  Ry.  (G.T.P.) 
C.  M.  Canniff,  Toronto,  Ont. 

Fielding  &f  Canniff  Co.,  Consulting  Enginei'rs. 
H.  J.  Chewett,  B.A.Sc,  C.E.,  A.M.  Can.  Soc.  C.E., 

Manning  Arcade,  Toronto,  Ont. 

Mechanical  Engineer,  Evans  Rotary  Engine  Co.,  Ltd. 
J.  Gibbons,  D.  &  O.L.S.,  Ottawa,  Ont. 

Surveying  Staff,  Department  of  Interior. 
R.  McDowall,  6.L.S.,  C.E.,,  A.M.  Can.  Soc.  C.E  , 

To7vn  Engineer.  Owen  Sountl,  Ont. 

G.  W.  McFarlen,  O.L.S.,  Toronto,  Ont. 

City  Engineer's  Staff. 
C.  J.  Marani,  .Anacortes,  Wash. 

Designing  and  Consulting  Structural  Engineer  for  the  Russia  Cement  Co 
G.  R.  Mickle,  B.A.,  Toronto,  Ont. 

Mine  Assessor,  Province  of  Ontario. 
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1888^Con  tinned. 

I.  J.  H.  Moore,  O.L.S.,  Smith's  Falls,  Out. 

Tozvn  Engineer. 
I.  G.  H.  Richardson,  Edmonton,  Alta. 

Managing  Director  Yellowhead  Pass  Coal  cf  Coke  Co. 
I.  K.  Rose,  Curry  Bldg.,  Toronto. 

Manager,  Evans  Rotary  Engine  Co.  of  Canada. 
I.  J.  E.  Ross,  D.  &  O.L.S,  Kamloops,  B.C. 

Surveying  Staff,  Department  of  Interior. 
I.  C.  H.  C.  Wright,  B.A.Sc,  Toronto,  Ont. 

Professor  of  Architecture,  University  of  Toronto. 

1889. 

I.  B.  C.\rey,  Toronto,  Ont. 

I.  W.  J.  Chalmers,  Pittsburgh,  Pa. 

With  Van  port  Beaver  Co. 
I.  W.  A.  Clement,  AI.  Can.  Soc.  C.E.,  Vancouver,  B.C. 

City  Engineer. 
I.  G.  F.  Manning,  Toronto,  Ont. 

I.  H.  E.  T.  Haultain,  C.E  ,  AI.  Can.  Soc.  C.E  ,  Toronto,  Cnt. 

Professor  of  Mining  Engineering,  University  of  Toronto. 
I.  J.  Irvine,  Vancou\er,  B.C. 

Locating  Engineer,  C.N.R. 
I.   D.  D.  James,  B.A.,  B.A.Sc,  227  George  St..  Toronto. 

Surveyor. 
I.  F.  X.  Mill,,  (deceased.) 
I.  H.  K.  MoBERLEY,  D.  &  S.L.S.,  Moosomin,  Sask. 

District  Engineer  and  Surveyor. 
I.  T.  R.  RosEBRUGH,  M.A.  Toronto,  Ont. 

Professor  of  Electrical  Engm.enng,  University  of  Toronto. 
I.  T.  WiCKETT,  M.D.,  362  Cannon  St.  E.,  Hamilton,  Ont. 

Physician. 

1890. 

5    W.  E.  BousTEAD,  (deceased). 

I.  F.  M.  Bowman,  O.L.S.,  C.E.,  Pittsburgh,  Pa. 

Secretary  &"  Structural  Engineer,  Riter-Conley  Mfg.  Co 
I.  M.  A.  BucKE,  M.E.  (deceased). 
I.  G.  D.  Corrigan,  (deceased). 
I.  J.  A.  Duff,  B.A..  (deceased). 
I.  A.  B.  English,  (deceased). 

I.  N.  L.  Garland  76  Wellington  St.  W.,  Toronto.  Ont. 

I.  J.  HuTCHEON,  O.L.S.,  Guolph,  Ont. 

Engineer  and  Surveyor. 
I.  W.  L.  Innes,  O.L.S.,  C.E.,  Simcoe,  Ont. 

Manager,  Dominion  Canners,  Ltd. 
I.  E.  B.  Merrill,  B.A.,  B.A.Sc,  M.  Can.  Soc.  C.E.,  M.  .\ni.  Inst.  E.E. 

Toronto,  Ont. 

Consulting  Engineer,  Toronto  General  Trusts  Building. 


6  List  of  Graduates 

1890 — Continued. 

I.  J.  R.  Pkdder  (deceased). 

3.   R.  A.  Ross,  E.E.  80  St.  Francois  Xav^ier.St.,  Montreal,  Que 

Ross  &  Holgate,  Consulting  Electrical  arid  Mechanical  Engineers. 
I.  T.  H.  Wiggins,  O.L.S.,  Saskatoon,  Sask. 

Civil  Engineer  and  Dom.  Land  Surveyor. 
I.  W.  J.  W'lTHROW,  Ottawa,  Ont. 

Patent  Examiner,  Patent  Office. 


1891. 

I.   H.  J.  Beatty,  O.L.S.,  Eganvillc,  Ont. 

Engineer  and  Surveyor. 
I.  T.  R.  De.\cox,  O.L.S.,  M.  Can.  Soc.  C.E.,  Winnipeg,  Man. 

President  and  General  Manager,  Manitoba  Bridge  cf  Iron  Works, Ltd. 
I.  C.  W.  Dill,  M.  Can.  Soc.  C.E.,  Toronto,  Ont. 

C.  W.  Dill  if  Co.,  Civil  Engineers  and  Contractors,  jiS  Continental 
Life  Building. 
5.  O.  S.  James,  B.A.Sc,  227  George  St.,  Toronto,  Ont- 

I.  A.  Lane  (deceased). 

I.  J.  E.  McAllister,  B.A.Sc,  C.E.,  Greenwood.  B.C. 

Manager,  British  Columbia  Copper  Co.,  Ltd. 

3.  E.  B.  Merrill,  B.A.,  B.A.Sc,  M.  Can.  Soc.  C.E.,  M.  Am.  Inst.  E.E. 

Toronto,  Ont. 
Consulting  Engineer,  Toronto  General  Trusts  Building. 
J.  E.  A.  Moore,  C.E.,  10074  Kee  Mar  Court,  Cleveland,  O. 

Consulting  and  Contracting  Engineer. 
W.  Newman,  O.L.S.,  A.M.  Can.  Soc.  C.E.,  Windsor,  Ont- 

Consulting  Engineer. 
I.  J.K.    Robinson  (deceased). 

I.  W.  B.  Russel,  318  Continental  Life  Bldg.,  Toronto,  Ont. 

Civil  Engineer  and  Contractor. 
G.  E.  Silvester,  O.L.S.,  M.  Am.  Inst.  M.E.,  Copper  Cliff,  Ont. 

Chief  Engineer,  Canadian  Copper  Co. 
H.  D.  Symmes,  Niagara  Falls  S.,  Ont. 

Engineer  and  Contractor. 


1892 
J.  R.  All.\n.  O.L.S.,  '  Macleod,  Alta. 

Ranchman. 
T.  H.  Alison,  B.A.Sc.  C.E.,  Bayonne.  N.J. 

Secretary  and  Chief  Engineer,  Bergen  Point  Iron  Works. 
A.  G.  Anderson,  Port  Dover.  Ont. 

Hardware  Merchant. 
C.  Fairchild,  D.  &  O.L.S.,  Brantford,  Ont. 

Surveying  Staff,  Department  of  Interior. 
J.  B.  Goodwin,  B.A.Sc,  Gasport,  N.Y. 

Superintendent  of  Construction,  Empire  Eng.  Corporation  of  Neio  York. 
C.  E.  Langley,  Continental  Life  Bldg.,  Toronto,  Ont 

Langley  &■  Rowland,  Architects. 
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I.  A.  T.  Lain-g,  B.A.Sc,  Toronto,  Ont. 

Secretary,  Faculty  of  Applied  Science,  University  of  Toronto. 
I.  E.  J.  Laschin'ger,  B.A.Sc,  M.E.,  Johannebburg,  Transvaal   S.A. 

Alechanical  Engineer,  H.  Eckstein  &  Co. 

5.  W.  L.  Lawsox,  B.A.Sc,  StirFng,  Col. 

Manager,  Stirling  Brush  &  Fort  Morgan  Co. 
3.  W.  A.  Lee,  B.A.Sc.  (deceased). 
I.  B.  McExTEE,  B.A.Sc,  28  Queen  St.  E.,  Toronto. 

Stationer. 

3.  C.  G.  MiLXE,  B.A.Sc.  (deceased). 

I.  Chas.  H.  Mitchell,  B.A.Sc,  C.E.,  M.  Can.  Soc  C.E.,  IM.  Am.  Soc.  C.E. 

Consulting  Hydro-Electric  Engi?ieer,   Trader's  Bank  Bldg..   Toronto. 
I.  N.  L.  Playfair,  Midland,  Ont. 

Superintendent  Playfair  Lumber  Co. 
I.  J.  M.  Prentice  (deceased). 
I.  J.  A.  Ross,  Cleveland,  Ohio. 

Designer  L.  S.  &  M.  S.  Railway,  Engineering  Office. 
I.  Albert  N.  Smith,  Youngstown,  Ohio. 

Engineer,  Wm.  B.  Pollock  Co. 
I.  R.  W.  Thomson,  B.A.Sc,  M.E.,  4  Charles  St  ,  Toronto,  Ont. 

Alining  Engineei . 
3.  A.  V.  White,  M.E.,  Toronto,  Ont. 

Mechanical  Engineer. 

1893. 
I.  A.  G.  Ardagh,  Barrie,  Ont. 

Land  Surveyor  and  Civil  Engineer. 
.*H.  F.  Ballantyne,  B.A.Sc.  244  Fifth  Ave.,  New  York,  N.Y. 

A  rchitect. 
1.  G.  L.  Brown,  O.L.S.,  A.M.  Can.  Soc  C.F.,  Morrisburg  Ont. 

Civil  Engineer  and  Land  Surveyor. 
i.*L.  C.  Charlesworth,  D.L.S..  Edmonton,  Alta. 

Director  of  Surveys  for  Alberta. 
I.  T.  H.  Dunn,    O.L.S.  Winchester.  Ont. 

Engineer  and  Surveyor. 
I.  J.  M.  R.  Fairbairn,  P.L.S.,  Westmount,  Que. 

Assistant  Engineer,  C.P.R. 
4.*W.  Fingland,  334  Portage  Ave.,  Winnipeg,  Man. 

Architect  and  Structural  Engineer. 
I.  C.  Forrester  Toronto,  Ont. 

i.*Walter  J.  Francis,  C  E.  M.  Can.  Soc.  C.E.,  M.  Am.  Soc.  C.E. 

Montreal,  Que. 

Consulting  Engineer,  28  Commercial  Union  Building. 
3.*A.  R.  Goldie,  Gait,  Ont. 

Manager,  Goldie  &'  McCulloch  Co. 
3.  S.  C.  Hanly,  Midland.  Ont. 

Midland  Engine  Works  Co. 
4.*J.  Keele.  B.A.Sc.  Ottawa,  Ont. 

Geological  Survey  of  Canada. 

*Diploma   with   honours. 
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I.  J.  T.  Laidlaw,  B.A.Sc,  M-E..  Cranbrook,  B.C. 

Consulting  Mining  Engineer. 
3.  F.  L.  Lash,  Bandoeng,  Java. 

Manager,  Electrical  Supply  Co.,  Board  of  Trade  Building. 
I.  -A.  L.  McAllister,  B.A.Sc,  612  Continental  Life  Bldg.,  Toronto,  Ont. 

Consulting  Engineer. 
I.  T.  J.  McFarlen,  80  Waverley  Rd.,  Toronto,  Ont. 

Chemist. 
i.*A.  J.  McPherson.  B.A.Sc,  D.L.S.,  Regina,  Sask. 

Superintendent  of  Highways,  Province  of  Saskatchewan. 

I.  A.  F.  Macallum,  B.A.Sc,  C.E.,  Hamilton,  Ont. 

City  Engineer. 

I.  W.  T.  Main,  Wells  St.  Depot,  Chicago,  111. 

Division  Engineer,  C.  &.  N.  W.  Ry. 

I.  V.  G.  Marani,  Cleveland,  Ohio. 

City  Building  Itispector,  City  Hall. 

I.  W.  Mines.  B.A.Sc,  Cleveland,  Ohio. 

With  Browtt  Hoisting  Co. 
3.*J.  M.  Robertson,  Montreal,  P.Q. 

.Superintendent  Repair  and  Testing  Department,  Montreal  Light.  Heat 
and  Power  Co. 

I.  R.  Russell,  Pembroke,  Ont. 

Railway  Contractor. 

i.*F.  N.  Speller,  B.A.  Sc,  Pittsburgh,  Pa. 

Metallurgical  Engineer,  National  Tube  Co. 
I.  R.  H.  Squire,  B.A.  Sc,  O.L.S  (deceased). 

I.  W.  V.  Taylor,  O.L.S.,  A.M.Can.  Soc  C.E.,  Quebec,  P.Q. 

Quebec  Harbour  Commissioners. 

I  *R.  B.  Watson,  Regina,  Sask. 

Department  of  Public  Works. 

1894. 

3.*R.  \V.  Angus,  B.A.Sc.  Toronto,  Ont. 

Professor  of  Mechanical  Engineering,  University  of  Toronto. 
I.  H.  F.  Barker,  Box  31,  Halifax,  N.S. 

I.  A.  T.  Beauregard,  B.A.Sc,  East  Orange,  N.J. 

Laboratory  Engineer,  Public  Service  Corporation  of  New  Jersey. 
I.  A.  E.  Bergey,  Pittsburgh.  Pa. 

Carnegie  Technical  School. 
3.   D.  G.  Boyd,  Toronto,  Ont. 

Draftsman,  Public  Works  Department. 
3.  W.  A.  BucKE,  Toronto.  Ont. 

District  Manager,  Canadian  General  Electric  Co. 
I.  J.  Ch.\lmers,  O.L.S.,  A.  M.  Can.  Soc.  C.E.,  Edmonton.  Alta. 

Structural  Engineer,  Department  of  Public  Works. 

4.*J.  A.  EwART.  B.A.Sc,  193  Sparks  St..  Ottawa.  Ont. 

Architect  and  Engineer. 

'Diploma  with   lionours. 
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3.  W.  J.  Herald,  B.A.Sc,  Toronto,  Ont. 

Engineering  Department,  Canada  Foundry  Co. 
.  .  H.  E.  Job,  B.A.Sc,  Hamilton.  Ont- 

Manufacturer  of  Electrical  Machinery  and  Apparatus. 
3.  A.  C.  JoHXSTOX,  B.A.Sc.  AI.E.,  Philadelohia.  Pa- 

Vice-Presidetit  and  Chief  Engineer,  The  J.  M.  Dodge  Company. 
I.  S.  M.  Johnston,  B.A.Sc,  P.L.S..  Greenwood,  B  C. 

City  Engineer. 

I.  J.  E.  Jones,  Engineers'  Club,  New  York,  N.Y- 

3.  N.  M.  Lash,  Montreal,  P.Q- 

Assistant  Electrical  Engineer,  Bell  Telephone  Co. 

I.*A.  L.  McTaggart,  B.A.Sc,  Rockefeller  Bldg.,  Cleveland  O 

Office  of  A.  G.  McKee,  Consulting  Engineer. 

3.*W.  MiNTY,  B.A.Sc.  Blackburn    Eng- 

With  Messrs.  Yates  6°  Thorn   Ltd  ,  Engineers. 
3.  C.  J.  Nicholson,  Hamilton,  Ont. 

Assistant  Engineer,  Hamilton,  Guelp'i  of  Waterlo  ■  Ry. 
I.   H.  RoLPH,  Montreal,  Que. 

Secretary,  John  S.  Metcalf  Co.,  Ltd. 
I.  J    D.  Shields,  B.A.Sc,  Toronto,  Ont. 

Sewer  Engineer,  Staff  of  City  Engineer 
1.  Angus  Smith,  O.LS.,  A.M.  Can.  Soc  C.E.,  Regina,  Sask. 

City  Engineer. 
3.  A.  K.  Spotton,  Gait,  Ont. 

Chief  Engineer,  Goldie  Sf  McCulloch  Engine  Works. 
3.   R.  T.  Wright,  B.A.Sc,  East  Pittsburgh,  Pa 

Engineering  Department,  WesHnghouse  Machine  Co. 


1895. 

I.  J.  Armstrong,  B.A.Sc,  Quebec,  Que. 

District  Engineer,  G.T.P.  Ry. 
5.  A.  E.  Blackwood,  30  Church  St.,  New  Yoik. 

Manager  New  York  Office,  Sullivan  Machinery  Co. 
I.  E.  J.  Bos\\^ll,  D.L.S.,  Winnipeg,  Man. 

3.  G.  Brebner  (deceased). 
3.  W.  M.  Brodie,  B.A.Sc,  Pittsburgh,  Pa. 

With  the  Green  Engineering  Co.  of  Chicago. 

3.  L.  I,.  Brown,  115  Broadway,  New  York. 

Superintendent,  The  Foundation  Co. 

4.  R.  J.  Campbell,  Chicago.  111. 

Artist,  Chicago  Tribune. 
3.  A.  W.  Connor,  B.A.,  C.E.,  36  Toronto  St..  Toronto,  Ont. 

Bowman  cf  Connor,  Consulting  Engineers. 
I.  J.  S.  Dobie,  B.A.Sc,  O.  &  D.L.S.,  Thessalon,  Ont. 

I.  F.  W.  Guernsey,  Bankhead.  Alta 

Assistant  General  Manager.  Bankhead  Mines.  Ltd. 

*Diploma   with   honours. 
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4.* A.  II.  Harkness,  B.A.Sc,  Toronto,  Ont. 

Structural  Engineer,  Co/i/cdcra/io/i  Life  Buildiuir. 

3.   H.  S.  Hull,  B.A.Sc. ,  Johnstown.  Pa. 

Structural  Drawing,  Cambria  Steel  Co. 

3.*J.  McGowAN,  B.A.,  B.A.Sc,  Toronto,  Ont. 

Associate  Professor  of  Applied  Mec'nnics,  University  of  Toronto. 

3.  W.  N.  McKay,  Georgetown,  O.nt  . 

Manager,  Bank  of  Hamilton. 

3.  H.  L.  McKiNNON,  B.A.Sc,  Cleveland,  Ohio. 

Vice-President  of  The  C.  0.  Banlett  &  Snow  Co. 

I.  W.  W.  Meadows,  D.  &  O.L.S.,  Maple  Creek,  Sask. 

Department  of  Public  Works. 

1.  F.  J.  Robinson,  D.  &  O.L.S.,  Regina,  Sask. 

Deputy  Minister  of  Public  Works.  Saskatchewan. 
3.  F.  T.  Stocking,  Toronto,  Ont. 

Hydro-Electric  Commission. 
3.  R.  C.  C.  TrEMAiNE,  B.A.Sc.  (Deceased). 

1896. 

2.*J.  W.  Bain,  B.A.Sc,  Toronto,  Ont. 

Associate  Professor   of  Applied    Chemistry,    University   of   Toronto. 

2.  L.  T.  BuRWASH,  Dawson,  Y.T. 

Mining  Recorder. 

3.*G.  M.  Campbell,  Riverside,  111. 

Superintendent,  Power  Apparatus  Shops,  Western  Electric  Co. 

2.  J.  A.  Decew,  B.A.Sc,        615  Canadian  Express  Bldg.,  Montreal,  Que. 

Consulting  Chemical  Engineer. 
3.*H.  P.  Elliott,  B.A.Sc,  E.E.,  Pittsburg^i,  Pa. 

Electrical  Engineer,  Westinghouse  Electric  and  Manufacturing  Co. 

3.  W.  C.  Gurney,  Toronto,  Ont. 

Vice-President,  Gurney  Foundry  Co.,  Ltl. 
3.*H.  V.  Haight,  B.A.Sc,  Sherbrooke,  P.Q. 

Chief  Engineer,  Canadian  Rand  Drill  Co. 
I.  W.  F.  Laing,  (deceased). 
3.  R.R.  Lawrie,  (deceased). 
3.  C.  MacBeth,  B.ASc,  (deceased).  ] 
3.  J.  A.  MiAcMuRCHY,  Pittsburgh,  Pa. 

Chief  Draftsman,  Turbaic  Department,  Westtnghouse  Machine  Co. 

1.  T.  Martin,  B.A.Sc,  Calgary,  Alta. 

Assistant  Divisional  Engineer.  C.P.R.,  Western  Division. 
3.  R.R.  Scheibe,  Toronto,  Ont. 

Sales  Manager,  Brtgdens  Ltd 

1897. 

2.  E.  Andrews,  B.Sc,  A.M. I.,  C.E.,  Porcmadoc,  N.  Wales. 

Resident  Engineer,  Maenoferen  Slate  Quarry  Co.,  Limited. 
7.*].  A.  Bow,  Great  Falls,  Mont. 

B.  &  M.  Smelter. 

*Diploma  with   honours. 
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I.  H.  S.  Carpenter,  B.A.Sc,  O.L.S.,  Regina,  Sask. 

Superintendent  of  Highways,  Department  nj  Public  Works. 

5.   H.  W.  Ch\rlton,  B.A.Sc,  Ottawa,  Ont. 

Assistan*  Chemist  at  Expe.rimentzl  Farm. 

4.*E.  A.  Forward,  A.M.  Can.  Soc.  C.E.,  Lockport,  Man. 

Engineer-in-charge,  St.  Andrew's  Lock  and  Dam. 

3.*A.  T.  Gray,  B.A.Sc,  Schenectady,  N.Y. 

Desigtiing  Engineer  on  Steam  Turbines,  General  Electric  Co. 

3.  W.  A.  B.  Hicks,  Buffalo,  N.Y. 

With  Lackawanna  Steet  Co. 

4.  C.  F.  King,  Toronto,  Ont. 

Rep.  of  Mortimer  Co.  of  Ottawa. 
I.  H.  W.  Proudfoot,  (deceased). 
2.*A.  H.  A.  Robinson,  B.A.Sc,  M.A.I.,  M.E.,  Haileybury,  Ont. 

Mine  Inspector. 
4.  W.  F.  Scott,  Toronto,  Ont. 

Structural  Engineer  and  Consulting  Architect. 
3-*W.  R.  Smiley,  B.A.Sc,  Cleveland,  Ohio. 

With.  Wellman-Seaver- Morgan  Engineering  Co 
2.*\V.W.  Stull,  B.A.Sc,  O.L.S.,  Sudbury,  Ont. 

Surveyor  and  Mining  Engineer. 
i.*M.  B.  Weekes.  B.A.Sc,  D.L.S.,  Regina,  Sask. 

Department  of  Public  Works. 
I.  E.  A.  Weldon,  Winnipeg,  Man. 

Provincial  Land  .Surveyor  s  Office. 


1898. 

W   H.  Boyd   B.A.Sc, 

Geological  Survey  of  Canada. 

W.  E.  H.  Carter,  B.A.Sc, 

Consulting  Mining  Engineer,  83  ^Ss 
E.  H.  D.\RLiNG,  A.M.  Can.  Soc  C.E., 

Assistant  Engineer,  Hamilton  Bridge 
W.  F.  Grant,  B.A.Sc. 

City  Engineer. 
J.  S.  KoRMANN,  B.A.Sc, 

Munager,  Kormann  Brewing.  Ltd. 
J.  E.  Lavrock, 

Draftsman,  Hermon  &  Burwell. 
D.  Mackintosh,  B.A.Sc,  B.  Arch., 

Chief  Superintendent   F.  M.  Andrews 
F  W.  McNaughton,  O.L.S., 

Deputy  Minister  of  Public  Works. 

J.  H.  SiiAW,  O.L.S., 

Surveyor  and  Engineer 
A.  E.  Shipley,  B.A.Sc, 

Manager,  Nelson  Coke  ef  Gas  Co 


Ottawa,  Ont. 

Toronto,  Ont. 
Front  Street,  East. 

Hamilton,  Ont. 
Works  Co. 

Sault  Ste.  Marie,  Ont. 

Toronto,  Ont. 

Vancouver,  B.C. 

New  York,  N.Y. 
,  &  Co  .  Metropolitan  Tower. 

Winnipeg,  Man. 

North  Bay,  Ont. 
Nelson.  B.C. 


*Diploma  with  honours. 
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3.*F.  C.  Smallpiece,  B.A.Sc,  Montreal,  Que. 

Assistant  Manager,  Canadian  General  Electric  Co. 

1.  R.  W.  Smith,  P.L.S.,  Revelstoke,  B.C. 

Surveyor. 
i.*J.  A.  Stewart,  M.A.,  Hamilton,  Ont. 

Engineer  and  Contractor,  67  Federal  Life  Building. 
i.*H.  L.  Vercoe,  Montreal,  Que. 

Chief  Draftsman,  Grand  Trunk  Pacific  Ry. 
3.  T.  A.  Wilkinson,  Xew  York,  X.Y. 

Statistician,  Westinghouse  Church  Ken  Co. 
3.  D.A.  Williamson,  B.A.Sc,  Hamilton,  Ont. 

With  Hamilton  Bridge  Works  Co. 

1899. 

3.*T.  Barber,  Meaford,  Ont. 
Hydraulic  Engineer,  Chas.  Barber  &  Sons. 

2.  J.  T.  M.  BuRNSiDE,  B.A.Sc.  Montreal,  Que. 

3.  L.  B.  Chubbuck,  B.A.Sc,  E.E.,  Hamilton,  Ont. 

Engineer,  Canadian  Westinghouse  Co. 

2.  G.  A.  Clothier,  Rossland,  B.C. 

Engineer,  Le  Roy  Mining  Co. 

1.  C.Cooper.  Keokuk,  Iowa. 

Koekuk  <5^  Hamilton   Water  Power  Co. 

2.  R.  W.  CouLTHARD,  B'A.Sc,  Blairmore,  Alta. 

General  Manager,  West  Canadian  Collieries,  Ltd. 

3.  J.  A.  Craig,  B.A.Sc,  Toronto,  Ont. 

Office  of  Willis  Chipman,  C.E. 

2.  J.  C.  Elliott,  Kelso,  Ont. 

3.  W.  E.  Foreman,  B.A.Sc,  Pittsburgh,  Pa. 

Construction  Dept.,  Westinghouse  Electric  and  Mfg.  Co. 
3.   E.  Guy,  B.A.Sc.  "  Industry,  Pa. 

Engineering  Dept.,  Westinghouse  Electric  and  Mfg.  Co. 
3.*W.  Almon  Hare,  B.A.Sc,  A.M.  Can.  Soc  C.E.,  Toronto,  Ont. 

Secy-Treas.  and  Chief  Engineer,  The  Standard  Engineering  Co. 
I.   R.  Latham,  B.A.Sc,  Hamilton,  Ont. 

Chief  Engineer,  T.  H.  &  B.  Ry. 
3.  W.  AIoNDS,  B.A.Sc,  36  Toronto  St.,  Toronto.  Ont. 

Clark  &  Monds,  Consulting  Engineers. 
I.  J.  P.atterson,  B.A.,  Toronto,  Ont. 

Physicist,  Dominion  Observatory. 
3.  A.  S.  II.  Pope,  B.A.Sc,  Portland  Oregon. 

Pope  cf  Wilcox,  Electrical  &  Mechanical  Engineers. 
2.*G.  E.  Revell,  B.A.Sc,  Nelson,  B.C. 

3.*E.  Richards,  B.A.Sc,  Toronto,  Ont. 

Assistant  Electrical  Engineer,  City  of  Toronto. 
3.  G.  A.  Saunders,  Wilkinsburg,  Pa. 

With  Westinghouse  Electric  &  Manufacturing  Co. 

*Diploma  with  iionours. 
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Lachine  Locks,  Que. 

Sault  Ste  Marie,  Ont. 

Toronto,  Ont. 

Ottawa,  Ont. 

Hamilton,  Ont. 


1899 — Continued. 

i.*T.  Shanks,  B.A.Sc,  D.L.S.,  Ottawa,  Ont 

Topographical  Surveys  Branch,  Department  of  the  Interior. 
i.*D.  C.  Tennant,  B.A.Sc, 

With  Dominion  Bridge  Co. 
3.  W.  W.  VanEvery, 

Soo  Corporation. 
3.  W.  E.  Wagner,  B.A.Sc, 

With  Toronto  Ferry  Co. 

2.  G.  H.  Watt,  D.L.S.,  ' 

Dominion  Land  Surveyor. 

3.  E.  Yeates, 

Manager,  London  Machine  Tool  Co.,  Ltd. 

1900. 

1.  J.  L.  Allan,  A.M.  Can.  Soc,  C.E.,  Halifax,  N.S- 

Office  of  Provincial  Engineer. 

2.  E.  G.  R.  Ardagh,  B.A.Sc,  Toronto,  Ont. 

Lecturer  in  Applied  Chemistry,  University  of  Toronto. 

3.  J.  A.  Bain,  Ottawa,  Ont. 

Structural  Engineer,  Dept.  of  Public  Works  of  Canada. 
3.  J.  H.  Barley,  B.A.Sc,  Hamilton,  Ont. 

Canadian  Westinghouse  Co. 
2.*M.  C.  BoswELL,  M.A.,  Ph.D.,  Toronto,  Ont. 

Lecturer  in  Organic  Chemistry,   University  of  Toronto. 

1.  L.  T.  Bray,  D.  &  O.L.S.,  Edmonton,  Alta. 

District  Engineer  and  Surveyor. 
3.  J.  Clark,  Pittsburgh,  Pa. 

Electrician,  P.  &  L.  E.  R.  R. 

2.  J.  E.  Davison,  B.A.Sc,  Fort  William. 

Engineering  Staff,  Can.  Northern  Ry. 

3.  E.  D.  Dickinson,  Schenectady,  X.V. 

With  General  Electric  Co. 
3.  G.  W.  Dickson,  B.A.Sc,  Toronto,  Ont. 

With  Smith,  Kerry  &  Chace. 
2.*H.A.DixoN,  B.A.Sc,  M.L.S.,  Winnipeg,  Man. 

Division  Engineer,  Canadian  Northern  Railicay. 

2.  C.  H.  Fullerton,  O.L.S.,  New  Liskeard,  Ont. 

Engineer  and  Surveyor 

3.  W.  S.  Guest,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,   University  of  Toronto. 
3.  W.  Hemphill  B.A.Sc,  E.E..  ^  BulTalo,  N.  Y. 

Superintendent,  Cataract  Power  cf  Conduit  Co. 
3.  S.  E.  M.  Henderson,  422  Rubidge  St.,  Petcrboro,  Ont. 

Desig7iing  Engineer,  Canadian  General  Electric  Co. 
3.  J.  A.  Henry,  Schenectady,  N.  Y. 

Designing  Engineer,  General  Electric  Co., 
2.  H.  S.  Holcroft,  B.  A.Sc,  D.L.S. 
Surveyor,  Peace  Rtver  District. 

•Diploma   with   honours. 


14  List  of  Graduates 

1900 — Continued. 

3.  H.  A.  Johnson.  148  Clinton  St.,  Toronto,  Ont. 

Manager,  Johnston  Oil  Engine  Co.,  Limited. 
3.  J.  C.  Johnston,  Boston,  Mass. 

Plant  Inspector.,  Warren  Bituminous  Paving  Co. 
2.*].  A.  Johnston,  B.A.Sc.  Ignace,  Ont. 

Contractor. 
2.   R.  E.  McArthur,  Montreal,  Que. 

Const.  Dept.,  C.P.R. 
2.  J.  G.  McMillan,  B.A.Sc,  39  Wood  St..  Toronto,  Ont. 

Mining  Engineer. 
3-  L.  Haun  Miller,  Cleveland,  Ohio. 

Sales  Agent,  Bethlehem  Steel  Co. 

2.  E.  V.  Neelands,  B.A.Sc,  Cobalt,  Ont. 

Hargrave  Mines. 
i.*E.  H.  Phillips,  D.L.S.,  Saskatoon,  Sask. 

Phillips  &  Phillips,  Civil  Engineers  and  Surveyors. 
2.  J.  R.  Roaf,  B.A.Sc,_  Michel,  B.C. 

Draftsman,  Crow's  Nest  Pass  Coal  Co. 
3.*C.  H.  E.  RouNTHWAiTE,  Winnipeg,  Man. 

Draftsman,  G.T.P.  Ry. 
2.  H.  W.  Saunders,  B.A.Sc,  Gary,  W.  Va. 

Division  Engineer,  U.S.  Coal  cf  Coke  Co. 
I.  A.  Taylor,  D.L.S.  &  M.L.S..  Portage  La  Prairie,  Man. 

Engineer  and  Surveyor. 

1.  W.  C.  Tennant,  B.xA.Sc  (deceased). 

2.  S.  M.  Thorne,  B.A.Sc,  Cobalt,  Ont. 

Engineering  Staff,  Silver  Leaf  Mine. 
I.   F.  W.  Thorold,  B.A.Sc,  Toronto,  Ont. 

Assistant  City  Engineer  on  Const,  of  Sewage  System. 
I.   H.  M.  Weir,  B.A.Sc,  Pachuca,  Mex. 

With  Real  Del  Morte  Co. 

3.  F.  D.  WiTHROW,  Ottawa,  Ont. 

Patent  Examiner,  Dept.  of  Agriculture. 


1901. 

I.   R.  H.  Barrett,  B.A.Sc,  O.L.S.  (deceased). 

3.  W.  G.  Beatty,  Fergus,  Ont. 

Manager,  Beatty  Bros.,  Implement  Manufacturers. 
3.  G.  M.  Bertram,  Joplin,  Mo. 

Representative  of  the  Sullivan  Machinery  Co. 
3.  W.  J.  Bowers  (deceased). 
3.  E.  T.  J.  Br.\ndon,  B.A.Sc,  Toronto,  Ont. 

Assistant  Engineer  Hydro-Electric  Poiver  Comm. 
3.  W.  P.  Brereton,  B.A.Sc,  Winnii)eg,  Man. 

Assistant  Engineer,  Ponder  Construction  Dept. 


^Diploma  with  honours. 
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3.  J.  T.  Broughtox,  Scottdale,  Pa. 

Chief  Engineer,  Scottdale  Foundry  cf  Machine  Co. 
3.*\\'.  G.  Chace,  B.A.Sc,  Carnegie  Library,  \\'innipeg   Man. 

Firm  of  Smith,  Kerry  &  Chace. 
3.  A.  G.  Christie,  1713  JMunro  St.,  Madison,  Wis. 

Professor  of  Steam  Engineering,  University  of  Wisconsin. 
3.  J.  R.  CocKBURX,  B.A.Sc,  A.  M.  Can.  Soc.  C.E.  Toronto,  Ont. 

Lecturer  in  Descriptive  Geometry,  University  nf  Toronto. 

1.  W.  A.  Duff,  Ottawa,  Ont. 
Assistant  Bridge  Engineer,  Tra>iscontinental  Ry. 

2.*D.  E.  Eason,  B.A.Sc,  Peterboro',  Ont. 

Division  Engineer,  Trent  Valley  Canal. 
i.*S.  Gagne,  B.A.Sc  (deceased). 
3.  N.  R.  Gibson,  B.A.Sc,  Winnipeg,  Man. 

Assistant  Engineer,  Power  Const.  Depl. 

2.  A.  T.  E.  Hamer,  Wahnapitae,  Ont. 

Engineering  Staff,  Canadian  Northern  Ry.  Co. 

1.  C.  Harvey,  B.A.Sc,  D.L.S.,  Kelowna,  B.C. 

Constilting  Engineer  and  Surveyor. 

2.  F.  C.  Jackson,  La  Tuque,  Que. 

Jackson  cf  Connelly,  Contractors,  N.T.C.  Ry. 
3.*A.  Laidlaw,  Kansas,  City,  Mo. 

District  Manager,  Trussed  Concrete  Steel  Co. 

3.  W.  C.  Lumbers,  Calgary,  Alta. 

Engineering  Staff,  C.P.R. 

3.  A.  C.  Macdougall,  Massena,  N.Y. 

^4^^/.  Superintendent,  Aluminium  Co.  of  America. 

3.  A.  T.  C.  McMaster,  B.A.Sc,  Copper  Cliff, 

Engineer  on  Design  Sf  Construction,  The  Canadian  Copper  Co. 

1.  G.  MacMillan,  Ottawa,  Ont. 

Topographical  Surveys  Branch,  Dept.  of  Interior. 
3.*H.  G.  McVeax,  B.A.Sc,  Moose  Jaw,  Sask. 

Contractor  and  Engineer. 

2.  W.  C.  Mathesox,  Joliette,  Que. 

With  McKenzie  Mann.  Co. 

3.  H.  T.  MiDDLETOX,  Englewood  Cliff's,  X.J. 

2.  J.  L.  R.  Parsoxs,  B.A.,  D.L.S.,  Winnipeg,  Man. 

Engineer  and  Surveyor. 
I.  G.  H.  Power,  North  Battleford,  Sask. 

Western  Canada  Rep.  of  Willis  Chipman,  C.E. 
3.*H.  W^  Price,  B.A.Sc,  Toronto,  Cnt. 

Lecturer  in  Electrical  Engineering,  University  of  Toronto. 
I.   H.  P  .Rust,  B.A.Sc,  A.M.Can.  Soc.  C.E.,  New  York,  N.Y. 

With  Messrs.  Viele,  Blackwell  ef  Buck. 

3.  M.  V.  Sauer,  B.A.Sc,  Niagara  Falls,  Ont. 

Assistant  Engineer,  Ontario  Poiver  Co. 
3.  W.  H.  Stevexsox,  B.A.Sc,  Monadnock  Block.  Chicago,  111. 

Secretary  Poiver  Plant  Specialty  Co. 

*Diploma   with   honours. 
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I.  R.  D.  VViLLsox, 

Assistant  City  Engineer. 
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Winnipeg,  Man. 


1902. 


3*H.  G.  Barber, 

Topographical  Surveys  Branch,  Debarfment  of  the  Interior^^'''''''' 

1.  W.J.  Blair,  B.A.Sc,  D.  &  O  L  S  "       v       r  •  .' 

CivU  Engineer  and  Sicnieyor       '  '^'^^^  ^'^'^^^'■'^-  0"^. 

.?.  J.  M.  Brow.v,  p-      u       u 

IfVA  ITV./«,^/..«.e  Macliine  Co.,  Steam  Turbine  Dept  "^  '  ^^• 

2.  W.  G.  CA-MPBELL.  t, 

2.  A.  R.  Campbell,  Z;°''""^°'  O"^' 

f^«r..r5a/  .l//g.  C«.,  Ltd.,  .St.  James  Chambers.  ""'"•  °"'- 

3-  C.  G.  Carmichael  (deceased). 
2.*W.  Christie,  B.A.Sc, 

Dominion  Land  Survevor 
2.  F.  T.  CoxLox,  •     ■ 

Wetland  Canal  Engineering  Staif 
3    H.  V.  CoxxoR, 

With  Westinghouse  Electric  and  Mfg.  Co. 
2.*M.  T.  CuLBERT,  deceased. 

2.    R.CUMMIXG, 

General  Contractor,  ^o  Front  .St.  E. 
I.  \V.  E.  Douglas,  B.A., 

Contractor,  152  Bay  St. 
3*R.  J.  DuxLOP, 

With  Canadian  Westinghouse  Co 

3-  W.  Elwell  (deceased). 

2.  J.  AL  Empey.  B..A.Sc.,O.L.S.,D.L.S  r  , 

2.  U.  L.  H.  Forbes,  v    u  1   c 

.l/.to//«rgzca/  £«g,„,,,  £/  Tigre  Mining  Co  '  ^^"°''^'  -^^^•^• 
i-*A.  E.  GiBsox,  B.A.Sc, 

i^f,- ''/^--vd..l/.7/e^  £.,.„....  ,„,c.^  Toronto.  Ont. 

3-  ^-  C  GooDwi.v,  „ 

Draftsman,  Aluminium  Co.  of  .America  Pittsburgh,  Pa. 

3-  C.  P.  Hexwood,  - ,  „ 

Draftsman,  National  Tube  Co.  -McKeesport,  Pa. 

3-    t)-  iM.  JOHXSTOX 

2.    K.  H.  kxiGHT,   B..A.Sc    D  L  S  n-j 

/?.n-co//  &  Knight,  Engu^e^rs  and  Sun.vors  ^'^'"^"f-n-  Alta. 

5-  i-.L   Laxgmuir,  B..\.Sc,Ph.D..  '  t^ 

C//cw/i/,  M.  Langmmr  Mfg   Co  oronto,  Ont. 

3-  A.  H   McBride,  B.A.Sc,       "  '  -r  ^ 

_  Assistant  Engineer,  Hydro-Electric  Power  Commission  '"'  ^"'^ 

'Diploma  with  honours. 


Prince  Albert.  Sask. 

Thorold,  Ont. 

Pittsburg!!,  Pa. 

Toronto,  Ont. 
Toronto,  Ont. 
Toronto,  Ont. 
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1.  A.  L.  McLennan,  D.L.S.,  Toronto,  Ont. 

Office  of  York  Co.  Eyigineer. 
3.  J.  T.  Mackay,  Toronto,  Oit. 

Student  in  Faculty  of  Medicine,  University  of  Toronto. 
3.  J.  F.  S.  Madden,  Winnipeg,  Man. 

Erecting  Engineering  Dept.,  Can.  Gen.  Electric  Co. 
3.*C.  H    Marrs,  Pittsburgh,  Pa. 

Designing  Engineer,  Riter-Conley  Mfg.  Co. 
3.  P.  Mathison,  B.A.Sc,  Hamilton,  Ont. 

Electrical  Eng.    Canadian  Westinghouse  Co. 
3.   R.  S.  Mennie,  Pittsburgh,  Pa. 

WitJi  Crucible  Steel  Co.  of  America. 

2.  H.  H.  Moore,  D.L.S.,A.M.  Can.  Soc.  C.E.,  Calgary,  Alta. 

Dominion  Land  Surveyor  and  Engineer. 
i.*T.  S.  Nash,  Ottawa,  Ont. 

Topographical  Surveys  Branch,  Department  of  the  Interior. 
I.  G.  G.  Powell,  B.A.Sc,  Toronto,  Ont. 

Asst.  City  Engineer,  Roadways  Dept. 
i.*W.  F.  Ratz,  D.L.S.  (deceased). 

3.  H.  D.  Robertson,  B.A.Sc,  Toronto,  Ont. 

Miller,  Cnmming  &  Robertson,  Engineers  and  Contractors. 
3.*D.  Sinclair,  B.A.Sc.  (deceased). 
2.*I.  J.  Steele,  D.L.S.,  Ottawa,  Ont. 

Topographical  Surveys  Branch,  Dept.  of  Interior. 
3.  W.  H.  Sutherland,  B.A.Sc.  107  St.  James  St..  Montreal,  Que. 

Assistant  Engineer,  Montreal  Water  and  Power  Co. 
3.*T.  F.  Taylor,  494  Concord  Ave.,  Toronto,  Ont. 

2.*C.  M.  Teasdale,  Concord,  Ont. 

Surveyor. 
3.  A.  A.  \V.\ni-ESS,  Sydney  Mines,  N.S. 

Lecturer,  Sydney  Mines  Technical  Schools. 
3.  H.  J.  Z.\HN,  B.-'X.Sc,  235  Calumet  St.,  Detroit,  Mich. 


1903. 

3.  H.  G.  Acres,  Toronto,  Ont. 

Asst.  Engineer,  Hydro-Electric  Power  Commission. 

1.  J.  G.  R.  Alison,  Pittsburgh,  Pa. 

With  Riter-Conley  Mfg.  Co. 
3.*H.  H.  Angus,  B..A.Sc.  Bethlehem,  Pa. 

Draftsman,  Bethlehem  Steel  Co. 
3.  J.  A.  Beatty,  Peterboro',  Ont. 

Morrow  &  Beatty,  Contractors. 
3.*J.  Breslove,  Fast  Pittsburgh,  Pa. 

Steam  Turbine  Engineer,  Westinghouse  Machine  Co. 

2.  J.  H.  BuRD,  O.L.S.,  Sudbury,  Ont. 

Engineer  and  Surveyor. 

*Diploma   with   honours. 


1 8  List  of  Gr-\duates 

1903 — Continued. 

i.*E.  L.  Burgess,  D.L.S.,  Ottawa,  Ont. 

Topographical  Surveys  Branch,  Department  of  the  Interior. 
2.  N.  A.  BURWASH,  B.A.Sc,  Whitehorse,  Y.T. 

Surveyor. 

1.  F.  F.  Clarke,  D.  &  O.L.S.  A.M.  Can.  Soc.  C.E.,  Toronto,  Ont. 

Divisional  Engineer,  Can.  Northern  Ry. 

2.  C.  L.  CouLSON,  Welland,  Ont. 
3.*A.  E.  Davisox,  B.A.Sc,  Toronto,  Ont. 

Engineering  Staff.  Hydro-Electric  Power  Commisssion. 

3.  C.  J.  Fexsom.  B.A.Sc.  M.E.,  Toronto,  Ont. 

Consulting  Mechanical  Engineer,  43  Victoria  St. 
2.*E.  O.  FucE,  O.L.S.,  Gait,  Ont. 

Consulting  Civil  Engineer. 
3*.F.  A.  Gaby,  B.A.Sc,  Toronto.  Ont. 

Assistant  Chief  Engineer.  Hydro-Electric  Power  Commission. 
I    J.  C.  Gardxer,  B.A.Sc,  Niagara  Fails,  Ont. 

City  F.ngineer. 
3.  R.  E.  George,  Dover,  X.H. 

Electrical  and  Gas  Engineer,  The  United  Gas  &  Electric  Co. 
i.*P.  Gillespie.  B.A.Sc,  Toronto,  Ont. 

Lecturer  in  Theory  of  Construction,  University  of  Toronto. 

1.  \V.  A.  Gourl-W,  Toronto.  Ont. 

Engineering  Staff,  C.P.R. 

2.  J    F.  Hamiltox,  B.A.Sc,  C.E.,  Lethbridge,  Alta. 

HamiUnn  cf  Young,  Dominion  Land  Surveyors  and  Engineers. 
2.  G.  S.  Haxes,  B.A.Sc,  O.L.S.  North  \'ancouver,  B.C. 

City  Engineer. 

2.  F.  Y   Harcol-rt.  B.A..  Port  Arthur,  Ont. 

Engineer.  Public  Works  Dept. 
I.  L.  J.  Hayes,  Chicago.  III. 

Structural  Engineer,  Corn  Products  Refining  Co. 
I.*F.  D.  Hexdersox.  Sec'y.  Board  of  Examiners  for  D.L.S.,  Ottawa,  Ont. 

Topographical  Sun-eys  Branch,  Department  of  the  Interior. 
5.*J.  A.  HoRTOX,  New  Ontario. 

3    J.  G.  J.\CKSOX,  Toronto  Ont. 

Electrical  Department,  City  Hall. 

3.  C.  K.  JoHXSTOx,  PefTerlaw.  Ont. 

Merchant. 
I.  H.  JoHxsTOX,  O.L.S.,  Berlin.  Ont. 

Davis  cf  Johnston,  Civil  Engineers  and  Surveyors. 
3.  A.  G.  L.\XG,  Toronto.  Ont. 

Underground  Superintendent.  Toronto  Hydro-Electric  System. 
i.*A.  J.  L.\TORXELL,  B.A.Sc,  Edmonton,  Alta. 

City  Engineer. 
I.*H.  J.  McAusL.AX,  B.A.Sc.  O.L.S.,  North  Bav,  Ont. 

Staff  of  T.  cf  N.O.  Ry. 
3.  J.  .-X.  McF.\RLAXE.  B.A.Sc,  Hamilton.  Ont. 

Chief  Draftsman,  Hamilton  Bridge  Wo'-ks  Co. 

*Diploma  with  honours. 
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I.*A.  L.  McNaughton,  Prince  Riiport,  B.  C. 

With  G.P.T.  Co. 
5.*F.  G.  Marriott,  B.A.Sc,  Toronto,  Ont. 

Chemist  and  Supt.  Asphalt  Plant,  City  Testing  Laboratory. 
3.*C.  A.  Maus,  Paris.  Ont. 

3.*M.  L.  Miller,  Pittsburg,  Pa. 

Draftsman,  McClintic- Marshall  Const>-urtion  Co. 
3.  P.  H.  Mitchell,  Toronto,  Ont. 

Consulting  Electrical  Engineer,  Trader's  Bank  Building. 

2.*R.  H.  Montgomery,  B.A.Sc,  O.  and  D.L.S.,  Prince  Albert,  Sask. 

Engineer  and  Surveyor. 

I.  F.  A.  Moore,  Winnipeg,  Man. 

Engineering  Dept.,  C.  N.  Ry. 
3.  E.  E.  MuLLiNS,  Limon,  Costa  Rica,  C.A. 

Baldwin  Locomotive  Works. 
3.   I.  H.  Nevitt,  B.A.Sc,  Toronto,  Ont. 

Construction  Bell  Telephone  Co. 

1.  E.  W.  Oliver,  B.A.Sc,  C.E.,  Toronto,  Ont. 

As'^istatit  Chief  Engineer,  Canadian  Northern  Ry.  System. 
3.  J.  P.  Oliver,  Arabi,  La. 

Supt.  of  Construction,  The  American  Sugar  Refining  Co. 
3.  J.  D.  Pace,  B.A.Sc,  Montreal,  Que. 

Construction  Engineer,  Canadian  Weiiinghouse  Co. 
3.  B.  B.  Patten,  B.A.Sc,  St.  Catharines,  Ont. 

Rutherford  &  Patten,  Engineers  and  Surveyors. 

2.  D.  H.  Philp,  Ottawa,  Ont. 

Georgian  Bay  Canal  Survey. 

3.*D.  H.  Pinkney,  Elyria,  O. 
National  Tube  Dept.,  U..S.  Steel  Corporation. 

2.  T.  H.  Plunkett,  B.A.Sc,  Toronto,  Ont. 
I.  D.  F.  Robertson,  D.L.S.,  Ottawa,  Ont. 
3.*H.  M.  ScHiEBE,  B.A.Sc,                     ^  East  Pittsburgh,  Pa, 

Engineer,  Westinghouse  Electric  &  Mfg.  Co. 
i.*H.  L.  Seymour,  Edmonton,  Alta. 

Sanders  &  Seymour.  Civil  Engineers  and  Dominion  Land  Surveyors. 

1.  J.  H.  Smith,  D.  &  O.L.S.,  Edmonton,  Alta. 

Engineer  and  Surveyor,  140  Jasper  Ave.W. 

3.  H.  G.  Smith,  B.A.Sc,  (deceased). 

3.  S.  L.  Trees,  B.A.Sc,  Toronto,  Ont. 

Supt.  Mfg.  Dept.,  Samuel  Trees  &"  Co.,  43  Wellington  St.  East. 

2.  J.  E.  Umbach,  Ottawa,  Ont. 

Topographical  Snn'eys  Branch,  Department  of  the  Interior. 
1.  J.  Waldron,  D.L.S.,  Moose  Jaw,  Sask. 

Engineer  and  Surveyor. 
3.*S.  B.  Wass,  Presque  Isle,  Me. 

Chief  Engineer,  A  wostook  Valley  Railroad. 

3.  J.  A.  Whelihan.  Regina,  Sask. 
*Diplonia    with   lionours. 
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3.   H.  F.  W'HITE,  Lornion,  Ont. 

Assistant  Superintendent,  The  Geo.  White  Sf  Sons  Co.,  Ltd. 
2.*C.  G.  VVn.UAMS,  B.A.Sr.,  Elk  Lake,  Ont. 

Superintendent.  Otisse  Mining  Co. 

i.*N.  D.  Wilson,  B.A.Sc,  Lumsden  Bldg.,  Toronto. 

Engineer  and  Surveyor. 
I. *C.  R.  Young,  B.A.Sc,  A.M.  Can.  Soc.  C.E.,  Toronto,  Ont. 

Lecturer  in  Sfmrtural  Enffineering.,   University  of  Toronto. 


1904. 

3. "J.  H.  Alexander,  B.A.,  St.  Louis,  Mo. 

Engineer,  Hunkins-Willis  L.  &  C.  Co. 

3.*J.  H.  Barrett,  Toronto,  Ont. 

With  the  Wm.  Davies  Co.,  Ltd. 

3.  M.  B.  BoNNELL,  Bobcaygeon,  Ont. 

3.  T.  D.  Brown,  B.A.Sc.  Calgary,    Alta. 

Canadian  Fairbanks  Co. 

3.  F.  W.  Burnham,  B..A.Sc.,  Milwaukee,  Wis. 

Steam  &  Electrical  Department,  Allis-Chahners-Bullock  Co. 

3.  J.  W.  Calder,  B.A  Sc,  Fort  William,  Ont. 

With  Hydro-Electric  Commission. 
I.  N.  C.  Cameron,  4172  Dorchester  St.,  Montreal,  Que. 

Dominion  Engineering  and  Construction  Co. 

1.  .\.  J.  Campbell,  B.A.Sc,  Toronto,  Ont. 
3.*A.  M.  Campbell,  B.A.Sc,                      1403  Kin,^  St.  W..  Toronto,  Ont. 

4.  J.  B.  Challies,  Ottawa,  Ont. 

Hydraulic  Engineer,  Department  of  the  Interior. 

2.  C.  A.  Chilver  Walkerton,  Ont. 
2.  H.  L.  Chilver.                                                          Moosehorn  Bay,  Man. 

1.  U.  W.  Christie,  B.A.Sc,  O.L.S.,  Ottawa,  Ont. 

Astronomical  Surveys  Branch,  Dept.  of  the  Interior. 

2.  P.  C.  CoATES,  B.A.Sc,  Cobalt,  Ont. 

Mini7ig  Engineer. 
I.  S.  B.  Code,  Smith's  Falls,  Ont. 

Toiun  Engineer. 
i.*T.  F.  Code,  B.A.Sc  (deceased). 
i.*W.  A.  Cowan,  Farnham,  Que. 

Resident  Engineer,  C.P.R. 
3.*S.  R.  Crak;,  Toronto,  Ont. 

Post-Gradtiate  Course  in  Engineering,  University  of  Toronto. 
i.*S.  R.  Crerar,  B.A.Sc,  O.L.S.,  "        Toronto,  Ont. 

Lecturer  in  Surreying,   University  of  Toronto. 

3.  W.  M.  f;i;RRiK,  Hamilton,  Ont. 

Managing  Director,  Canada  Steel  Co.  Ltd. 
3-  H.  H.  Depew,  Fernie,  B.C. 

SupL,  Crow's  Nest  Pass  Electric  Light  and  Poiver  Co. 

*I3iploiiia   wit!)   lionours. 
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2.  A.  J.  Elder,  Ottawa.  Ont. 

Topographical  Surveys  Branch,  Department  of  the  Interior. 

2.  J.  G.  Fleck,  Vancouver,  B.C. 

Fleck  Bros.  Ltd. 

i.*A.  L.  Ford,  B.A.Sc,  Prince  Rupert,  B.C. 
Government  Inspector  on  G.T.P.  Ry. 

3.  W.  S.  Gibson,  B.x^.Sc,  3S  Park  Rd.,  Toronto,  Ont. 
I.  J.  N.  GooDALL,  Toronto,  Ont. 
I.  J.  P.  Gordon,  Toronto,  Ont. 

Engineering  Staff,  Willis  Chipman,  C.E. 
3.  W.  W.  Gray,  B.A.Sc,  Toronto.  Ont. 

Lecturer  in  Mechanical  Engineering,  University  of  Toronto. 
I.     A.  Gray,  B.A.Sc.  Port  Credit,  Ont. 

With  St.  Lawrence  Starch  Co., 
3.  W.  K.  Greenwood,  B.A.Sc,  Orillia,  Ont. 

Toii'n  Engineer. 
I.  L.  D.  Hara,  St.  Catharines,  Ont. 

Assistant  Engineer,  Wetland  Canal  Co. 
3.  C.  J.  Harris,  B.A.Sc,  Brantford,  Ont. 

With  Brantford  Screw  Co. 
I.  J.  B.  Heron,  B.A.Sc,  Toronto,  Ont. 

c  o.  5.  H.  Sykes,  1577  Danforth  Ave. 

1.  E.  M.  M.  Hill,  Winnipeg,  Man. 

Engineering  Dept.,  Canadian  Northern  Railway. 

2.  S.  X.  Hill,  325,  Waverly  St.,  Ottawa,  Ont. 

Topographical  Surveys  Branch,  Department  of  the  Interior. 

2.  C.  J.  Ingles,  Niagara  Falls,  Ont. 

With  Ontario  Power  Co. 
I.  E.  A.  James,  B.A.Sc,  Toronto,  Ont. 

Managing  Editor,  Canadian  Engineer. 
I.   P.  Y.  Jermyn,  B.  A.Sc,  118  King  St.  West,  Toronto,  Ont. 

C.P.R.  Construction  Department. 

3.  W.  S.  H.  Keefe,  Fort  Covington,  N.Y. 

Manager,  Light,  Heat  and  Potver  Co. 
3.  W.  J.  Larkworthy  (deceased). 
3.  O.  B.  McCuAiG,  B.A.Sc,  Wcnatchee,  Wash. 

Supt.  ,Entiat  Light  and  Power  Co. 
I.  G.  G.  McEwen,  B.A.Sc,  Winchester.  Ont. 

Office  of  T.  H.  Dunn,  O.L.S. 
i.*W.  G.  McFarlane,  B. a., B.A.Sc, 

Engineer  and  Surveyor,  Peace  River  Dist. 
3.*C.  P.  McGiBBON,  B.A.,  East  Pittsburgh,  Pa. 

With  Westinghouse  Electric  and  Mfg.  Co. 
3.  C.  McKay,  B.A.Sc,  (deceased). 

I.  D.  McMillan,  Woodvillc,  Ont 

3.  G.  J.  M ANSON,  Thorold,  Ont. 

With  Manson  Mfg.  Co.,  Ltd. 

"Diploma  with   honours. 
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i.*W.  N.  MooRiiousE,  Toronto,  Ont. 

Office  of  Sproatt  &  Ralph,  Architects. 
3.  E.  E.  Moore,  Glen  Falls,  N.Y- 

Engineer,  Inter-State  Iron  Co. 
3.  W.  H.  MuNRO,  Ottawa,  Ont- 

Assistant  to  J.  B.  McRae. 
3.  G.  Pace.  B.A.Sc.  Hamilton,  Ont- 

With  Canadian  Westinghoiise  Co. 
3.  W.  S.  Pardoe,  B.A.Sc,  Philadelphia,  Pa. 

Instructor  in  Hydraulics,  University  of  Pennsylvania. 
3.  J.  Paris,  La  Tuque,  Que- 

Resident  Engineer,  Trans.  Ry. 

2.  J.  Parke,  B.A.Sc,  Havilah,  Ont. 

Chemist  and  Assayer. 

3.  W.  J.  Parker,  Ottawa,  Ont. 

Top.  Surveys  Branch,  Dept.  of  Interior. 
3.*A.  E.  Pickering,  Sault  Ste.  Marie,  Ont. 

Supt.,  Lake  Superior  Power  Co. 
I.  D.  L.  C.  Raymond,  B.A.Sc,  Toronto,  Ont. 

Manager,  The  Concrete  Engineering  a?id  Construction  Co.,  Ltd. 

1.  F.  B.  Reid,  B.A.Sc,  Ottawa,  Ont. 

Astronomical  Surveys  Branch,  Dept.  of  the  Interior. 
3.*M.  R.  RiDDELL,  B.A.Sc,  Toronto,  Ont. 

3.  G.  S.  Roxburgh,  B.A.Sc,  Winnipeg,  Man- 

Manager,  Fetherstonhaugh  &"  Co.,  Patent  Solicitors  and  Engineers. 

2.  F.  N.  Rutherford,  B.A.Sc,  St.  Catharines,  Ont. 

Rutherford  and  Patten,  Surveyors  and  Engineers. 
i.*J.  D.  Sheply,  B.A.Sc.  D.L.S.,   '  N.  Battleford,  Sask. 

District  Surveyor  and  Engineer. 

3.  F.  W.  Slater,  B.A.Sc,  Schenectady,  N.Y. 

With  General  Electric  Co. 
3.*R.  S.  Smart,  Ottawa,  Ont. 

Manager,  Fetherstonhaugh  &"  Co.,  Patent  Solicitors  and  Engineers. 
I.  D.  A.  Smith,  B.A.Sc,  Claude,  Ont. 

3.  W.  J.  Smither,  B.A.Sc,  50  St.  Clair  Ave.,  Toronto,  Ont. 

3.  S.E.  Thomson,  B.A.Sc,  Niagara  Falls,  Ont. 

Engineering  Staff,  Electrical  Development  Co. 
3.  C.  J.  TowNSEND,  B.A.Sc,  Toronto,  Ont. 

I.  D.  T.  TowNSEND,  B.A.Sc,  O.L.S.,  Winnipeg,  Man. 

C.P.R.  Land  Department. 
I.  A.  V.  Trimble,  B.A.Sc,  Toronto,  Ont. 

Hydro-Electric  Power  Commission. 
3.  B.  B.  Tucker,  B.A.Sc,  Morrisburg,  Ont 

Resident  Engineer,  New  York  and  Ontario  Power  Co. 
2.*E.  Wade,  B.A.,  Welland.  Ont. 

Teacher. 
i.*E.  W.  Walker,  B..-\.Sc.,  (deceased). 

*  Diploma  witli   honours. 
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3.  J.  P.  Watsox,  B.A.Sc,  Montreal,  Que. 

Draftsman,  Motive  Poiver  Dept.,  C.P.Ry. 
I.  J.  M.  Weir,  Hamilton,  Ont. 

Engineering  Staff,  G.T.  Ry. 
i.*A.  F.  Wells,  O.L.S., B.A.Sc,  Toronto,  Ont. 

Wells  cf  Gray,  Ltd.,  Engineers  and  Contractors. 
I.  W.  R.  WoRTHixGTON,  B.A.Sc,  Toronto,  Ont. 

Assistant  Sewer  Engineer,  Staff  of  City  Engineer. 
3.  W.  F.  Wright,  Toronto.  Ont. 

Sales  Dept.    Canadian  General  Electric  Co. 


1905. 

2.  H.  W.  Arexs,  (deceased). 

3.  R.  H.  Armour,  165  Broadway.  New  York. 

Westinghouse  Electric  &  Manufacturing  Co. 
3.*C.  B.  Aylesworth,  Hamilton,  Ont. 

Draftsman,  Canadian  Westinghouse  Co. 
i.*W.  Barber,  B.A.Sc,  Toronto,  Ont. 

Roadways  Department,  City  Hall. 
2.*W.  A.  Begg   B.A.Sc.  Regina,  Sask. 

Department  of  Public  Works. 
3.*G.  G.  Bell,  \\alktrville,  Ont. 

Canadian  Bridge  Co. 

1.  J.  C.  BoECKH,  Toronto,  Ont. 

With  Boeckh  Brush  Co. 
3.  W.  M.  Bristol,  Halifax,  N.S. 

Canadian  Westinghouse  Co. 

2.  W.  C.  Campbell,  Keene,  Ont. 

Mining  Engineer. 

3.  W.  R.  Carsox,  High  Bridge,  X.J. 

Construction  Engineer,  Taylor  Iron  and  Steel  Co. 
I.  A.  V.  Chase,  Orillia,  Ont. 

3.  S.  R.  A.  Clemext,  Toronto,  Ont. 

With  Hydro-Electric  Power  Commission. 
3.  T.  E.  CoRRiGAX,  Bodic,  Cal. 

Chief  Electrician,  Standard  Consolidated  Mining  Co. 
i.*X.  L.  R.  Crosby,  B..A..Sc.,  Chicago,  111. 

Assistant  Contracting  Engineer,  McClintic-Marshall  Const.  Co. 
T.  G.  H.  Fergusox,  B.A.Sc,  Toronto,  Ont. 

Hydro-Electric  Commission. 
3.   H.  S.  Fierheller,  B.A.Sc.  (deceased). 
3.  F.  W.  Harrisox,  360  Pearl  St.,  Brooklyn,  X.Y. 

Chief  Mechanical  Draftsman,  Edison  Electric  Illuminating  Co. 

1.  M.  C.  Hexdry,  B.A.Sc,  Toronto,  Ont. 

2.  C.  S.  L.  Hertzberg.  Walkervillc,  Ont. 

Trussed  Concrete  Steel  Co. 

*Diploma   with   honoiir.s. 
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3-  \V.  G.  Hiivvsox,  B.A.Sc, 

Wifh  Smith,  Kerry  and  Chace. 

1.  G.  S.  Jones, 
3*G.  Kribs, 

With  Smith,  Kerry  and  Chare. 

2.  P.  A.  Laing, 

Resident  Engineer,  T.  C.  Ry. 
I.  A.  Latornell,  B.A.Sc, 

Server  Department,  City  Hall. 
3-  J.  VV.  Leighton, 

Secretary,  Evans  Rotary  Engine  Co. 
i.*T.  R.  Loudon,  B.A.Sc, 

Lecturer  in  Metallurgy,  University  of  Toronto. 
3-    S.  E'  McGoRMAN, 

Draftsman,  Canadian  Bridge  Co. 
i.*W.  W.  McGregor  (deceased). 
2.  D.  W.  McKenzie, 

Draftsman,  Engineering  Dept     C  N  Rv 
3*C.  A.  McLean,  '    '     ' ' 

Canadian  Westijighouse  Co. 

2.  W.  N.  McLean. 
3-  F.  G.  Mace, 

Patent  Examiner,  Dept.  of  Agriculture. 
3-    R.  W.  MOFFATT,  B.A.Sc. 

Demonstrator  in  Drawing,  University  of  Toronto 

3.  1^.   VV.   MORDEN, 

Canadian  Westinghouse  Co. 
3-  (••  R.  Munro,  B.A.Sc, 

With  Hudson  Bav  Survey 

I.  v..  I).  O  Brien,  *       \.  . 

With  Tran.scontinental  Ry.  Nipigon,  Ont 

i.*B.  B.  Patten,  B.A.Sc,  '  <=     r-    , 

Rutherford  and  Patten,  Surveyors  and  Enginens         ^^^^^^""^^'  ^"^ 


Toronto,  Ont. 

mith's  Falls,  Ont. 
Toronto,  Ont. 

Fanquier,  On  . 

Toronto,  Ont. 

Toronto.  Ont. 

Toronto,  Ont. 

Walkerville,  Ont. 

Winnipeg,  Man. 

Toronto,  Ont. 

Erin,  Ont 
Ottawa,  Ont. 

Toronto,  Ont. 

Toronto,  Ont. 

Peterboro',  Ont. 


1.  K.  P.  A.  Phillips,  B.A.Sc,  O  L  S 

Amv  l^  PkilUps,  Engineers  &  Surveyors. 

I  ■  W  .  B.  Porte, 

2.  K.  F.  Plllen, 

Resident  Engineer,  Transcontinental  R  R 
2.  G.  L.  Ramsey,  B.A.Sc, 
I.  G.  W.  Rayner, 
3-*R.  B.  Ross,  (deceased). 
5-  T.  K.  RcnnwELL,  B.A.Sc, 
Provincial  Assay  Office. 
2.*(;.  S.  Scott, 

Ju^lhwu,  .Uineralogy,  University  of  Toronto 
*Diploma  with   honours. 


Porcupine,  Ont. 

Oalvvilk-,  Ont. 
Cochrane,  Ont- 

L)unn\'illc,  Ont. 
Thorold,  Ont. 

Belleville,  Ont. 
Toronto,  Ont. 
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3.   H.  V.  Serson,  Highbridge,  N.J. 

Engineer  in  charge,  Power  House  Const.,  Taylor  Iron^cf  SteeljCo. 
3.  C.  H.  Shirriff,  B.A.Sc,  Toronto,  Ont. 

Chcniisf,  Imperial  Extract  Company. 
3.*C.  E.  SissON,  Peterboro',  Ont. 

Engineering  Department,  Canadian  Gen.  Electric  Co. 
I.  D.  L.  X.  Stewart,  B.A.Sc,  CoUingwood,  Ont. 

I.  M.  A.  Stewart,  Toronto,  Ont . 

Assistant  City  Engineer,  Roadway  Dept..  City  Hall. 
3.*W.  F.  Stubbs,  Gait,  Ont. 

Assistant  Engineer,  Goldie  cf  McCulloch  Co. 
I.  N.  H.  Sturdy,  Cleveland,  Ohio. 

Designer,  L,  S.  &  M.  S.  Ry. 
I.  W.  G.  Swan,  B.A.Sc,  Langley,  B.C. 

Divisional  Engineer,  C.  N.  Ry. 
i.*F.  H.  Sykes,  O.L.S.,  D.L.S.,  _       Toronto,  Ont. 

Asst.  Structural  Engineer,  with  City  Architect,  City  Hall. 
3.  L.  R.  Thomson,  B.A.Sc,  Winnipeg,  Man. 

Lecturer  in  Civil  Engineering,  University  of  Manitoha. 
3.  E.  D.  TiLLSON,  B.A..SC.,  New  York,  X.Y. 

Engineer  for  Const.  Dept.,  Safety  Insulated  Wire  &  Cable  Co. 
i.*J.  J.  Traill,  B.A.Sc,  Toronto,  Ont. 

Lecturer  in  Mechanical  Engineering.  University  of  Toronto. 
I.*W.  M.  Treadgold,  B.A.,  Toronto,  Ont. 

Lecturer  in  Surveying,  University  of  Toronto. 
3.  W.  E.  Turner,  B.A.Sc,  Salt'Lake  City,  Utah. 

With  Utah  Light  cf  Ry.  Co. 
3.  A.  E.  Uren,  Toronto,  Ont. 

Editor,  Acton  Publisliiiiir  Cu. 
3.  J.  M.  Vaughan,  58  Melville  Ave.,  Toronto,  Ont. 

Contractor. 

1.  H.  L.  Wagner,  B.A.Sc,  Hamilton,  Ont. 

Draftsman,  Hamilton  Bridge  Works  Co. 

2.  W.  H.  VouxG,  B.A.S  c.D.L.S.,  Lethbridge,  Alta. 

Hamilton  cf  Young,  Dominion  Land  Surveyors  and  Engineers. 


1906. 

I.  F.  Alport,  Superior  Jnnrt.,  Ont. 

Resident  Engineer,  Transcontinental  Ry. 
3  *W.  L.  Amos,  Guclph.  Ont. 

I.  A.  H.  Arens,  ^  Inverness,  N.S. 

Resident  Engineer.  Inverness  Ry.  of  Coal  Co. 
3.*J.  C.  Armer,  B.A.Sc,  Toronto,  Ont. 

Secretary  and  Managing  Editor  of  the  Canadian  Manufacturer  Pub. 
Co.  Ltd. 
I.  M.  H.  Baker,  B.A.Sc,  St.  Thomas,  Ont. 

Assistant  City  Engineer. 


'Diploma   with   lioiioiirs. 
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3-  F.  W.  Baldwin-, 

With  Graham  Bell,  Esq. 
2.  E.  W.  Banting,  B.  A.Sc, 

Demonstrator  in  Surveying,  University  of  Toronto 
3-  F.  Barber,  B.A.,  '    " 

York  County  Engineer,  S7  Adelaide  St   E 
2.  M.  Bates,  B.A.Sc  (deceased). 
2.  J.  P.  Bellisle,  (deceased). 
3-*H.  H.  Betts,  B.A.Sc,  d-     ,    t     • 

Rio  de  Janiero  Tramway,  Light  cf  Powr  Co  •^''"'"'°'  ^'^^'^ 

5-*D.  E.  Bevxon,  B.A.Sc, 

With  Dunlop  Rubber  Goods  Co. 

2.    G.  W.   BiSSETT, 

Mill  Supt.,  Canadian  Exploration  Co.,  Ltd. 
3-   vV.  C.  Bl.\ck\vood,  B  '\  Sc 

Demonstrator  in  Physics,  University  of  Toronto. 
3-  ii.  t.  Brandon,  B.A.Sc, 

Chief  Engineer,  Vulcan  Tr on  Work's 

'■    ^^'nt.^P^'''  ^-^•^'-  OLS-  A.\I.  Can.  Soc  C  E 

Ctty  Engineer.  ^>-.  v^.c., 

2-  T.  \V.  Brown,  B.A.Sc,  D.  &  S.L.S 

Civil  Efigineer.  "   '' 

i-*A.  E.  K.  Bunnell,  B.A.Sc 

Engineering  Staff,  Willi's  Chipman    CE 

3-  F.  M.  Byam,  '     ■    ■ 

With  Smith,  Kerry,  and  Chace. 
3-  A.  Cameron, 

Draftsman,  Canada  Foundry  Co. 
3-  A.  W.  Campbell,  B.A  Sc 

I^^'Pector,  Hydro-Electric  Power  Commission 
I-  i\i.  J.  Carroll, 

,  *R   ^'p^'J^^^^'^^  ^^^r^^y^  Branch,  Department  of  the  Interior 
i-  !%..  c.  L,.  Chad  WICK, 

Staff  of  City  Engineer. 
i-*G.  T.  Clark.  B.A., 

City  Engineer. 
3-*G.  A.  COLHOUN, 

..•w.  f ^f  c::.,  aAt:;*"°"  '"* ''"''  '-■■ '-« 

Staff  of  City  Architect,  Citv  Hall. 
I-  E.  L.  Cousins,  B.A  Sc 

4.  A.  G^  c^:itr"  '■  '■■  ""'■■ ''""" """  "■■"'■'"■  ^"' 

H^tV//  John  R.  Wiggins  &  Co  ^^^^  ^''^"""^  ^*-'  Philadelphia.  Pa. 

3.*N.  P.  F.  De.^th,  B.A.Sc  '  r       • 

^        />.«M  ^  Watson,  Electrical  Engineers  an^ I^IZ^^^^  '"''''''''''-  ^"^- 
*ni|  lonia   Willi   hoiunirs. 


Baddeck,  N.S. 
Toronto,  Ont. 
Toronto,  Ont. 


Toronto,  Ont. 

Naughton,  Ont. 

Toronto,  Ont . 

Winnipeg:,  Man. 

U'indsor,  Ont. 

Saskatoon,  Sask. 

Weyburn,  Sask. 

Toronto,  Ont. 

Toronto,  Ont 

Toronto,  Ont. 

Ottawa,  Ont. 
or. 

Toronto,  Ont. 

Saskatoon,  Sask. 

Hamilton,  Ont. 

Toronto,  Ont. 

Toronto,  Ont. 


Lachine,  Que. 
Amherstburg,  Ont. 
Ottawa,  Ont. 
Toronto,  Ont. 
Toronto,  Ont. 


Lachine  Locks,  Que. 

Cobourg,  Ont. 

New  Liskeard,  Ont. 

Vancouver,  B.C. 


Applied  Science 

1906 — Continued. 

C.  S.  DuND.\ss,  B.A.Sc. 

Wit)!  Dominion  Bridge  Co. 

S.  L.  Fe.\r, 

With  Dunhar,  Sulhvan  Dredging  Co. 

'C.  C.  FoRW.\RD, 

Laboratory  of  the  Inland  Revenue  Department. 
C.  W.  Graham,  B.A.Sc, 

Industrial  Chemist,  Wm.  Davies  Co. 
*P.  W.  Greene. 

With  Hydro-Electric  Power  Commission. 
C.  B.  Hamilton,  B.A.Sc,  43  Madison  Ave.,  Toronto,  Ont 

HaniiUon  Gear  and  Machinery  Co. 

*A.  L.  Harkness,  B.A.Sc, 

With  Dominion  Bridge  Co.,  Ltd. 

*R.  L.  H.\RRISON, 

Resident  Engineer,  Canadian  Northern  Ry. 
E.  H.\RRisoN,  B.A.Sc, 

With  Sutcliffe  cf  Neelands. 
J.  C.  Hartney,  B.A.Sc, 

Engineer  &  Salesman.  Canadian  Westinghouse  Co. 
S.  Hett,  B.A.Sc,  Sutton  West,  Ont. 

Surveyor. 
C.  R.  HiLLis,  Toronto,  Ont. 

With  Toronto  &  Niagara  Power  Co. 
C.  W.  HooKW.w,  B.A.Sc,  Winnipeg,  Man. 

Allis-Chalmers  Bullock  Co. 
R.  H.  Hopkins,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,  University  of  Toronto. 
*R.  S  Houston,  Emerson,  Man. 

*W^  Huber,  Toronto,  Ont. 

With  Canadian  Inspection  Co. 
*A.  H.  Hull,  B.A.Sc, 

With  Smith,  Kerry  and  Chace. 
W.  C.  Jepson, 

Wetland  Canal  Office. 
*C.  Johnston,  B.A.Sc, 

District  Engineer,  Can.  Northern  Ry. 

G.  R.  Jones,  B.A.Sc, 

Missionary. 

T.  Jones,  B.A.Sc,  18  Meredith  Crescent,  Toronto   Ont. 

*A.  E.  Jupp,  B.A.Sc,  Haileybury,  Ont. 

J.  D.  Keppy,  Toronto,  Ont. 

Canadian  Inspection  Co. 

.  J.  L.  L.\NG,  B.A.Sc,  D.  &  O.L.S.,  Sauk  Ste.  .Marie,  Ont. 

Lang  Cf  Keys,  Engineers  and  Surveyors. 
.  A.  P.  Linton,  B.A.Sc,  Montreal  Que. 

With  Dominion  Bridge  Co. 

*  Diploma   with   lionours. 


Toronto,  Ont. 

Niagara  Fails,  Ont. 

Toronto,  Ont. 

China. 


28 


List  of  Graduates 


1906 — Continued. 

4-*A.  Wellesley  McCoxxell.  B  A  Sc 

,  *r.   r    fr'T  "'  '^''^^"■'^^'«'-^'  Unwersily  of  Toronto. 

Draftsman,  The  Goldie  &  McCulloch  Co    Ltd 

2-  J.  A.  McKhxzie. 

Manap,er,  Nipissing  Reduction  Co 
i*J.  \'.  McXab, 

Transitman,  C.PR.  EngineerinP  Staff 

3-  J.  A.  .McPhersox, 

2.   J^- A.  .MacKexize   B.A  Sc 

I     W    iuP''^^'^''"''''^'"^^''  ^^  Contractor.'' 
i-    w  •  -MacKinnon, 

.>•  W  .  Maclachlax,  B.A.Sc, 

Tn'„/o>,  Electric  and  iv„tcrf>,ni'er  Co 
3-*D.  W.  Marks, 

D..,>„,.  a„rf  Estimator,  Riter-Conley  Mfg.,  Co 
3-  W  •  A.  Maxwell,  ' 

Draftsman,  Canadian  Bridge  Co  Walkerville,  Ont 

i.*Rev  J.  Mellox  Mexzies,  B.A^Sc    D  L  S  v    .u  u 

Missionary,  Wu  An  '  '^■^•^■'  -North  Honan,  China. 

3-  L.  R.  Miller,  B.A.Sc, 

i-*B.  F.  Mitchell,  B.A.Sc.,  Orillia,  Ont. 

Municipal  Engineer.  '  Edmonton.  Alta. 

I-  F.  F.  MoxTAGUE,  -r>A  r-   •       r.      ,    ^ 

Law  Student.  •'"''  '^"'°"  ^^""^  ^'dg.,  Winnipeg,  Man. 

I•*^^■.  J.  Moore,  O  L  S 

I     r    /r''""^^^^'"'''^'^"'^'^"^'''^-^''"-'^^^^/"^^^/^       Pembroke,  Ont. 
i-    ^.  K.  IVlURDOCK, 

2.  C.  J.  MiRPHv,  B.  A  Sc  Weybiirn,  Sask. 

Assistant  Engineer;' Crow's  Nest  Pass  Coal  Co.  ^''"'''  ^'^ 


Toronto,  Ont. 
Gait,  Ont. 
Cobalt,  Ont 
Kenora,  Ont. 
Toronto,  Ont. 
Toronto,  Ont. 
Rankin,  Pa. 
Belleville    Ont. 
Pittsburg,  Pa 


1 


i.*\V.  P.  \e.\r,  B.A.,  B.A.Sc 

Staff  of  City  Engineer. '' 
2.  R.  Neel.\xds, 
3-  D.  G.  Park,  B.A.Sc 

With  Allis-Chambers-Bullock  Co. 
3-  G.  W.  Patersox, 

Salesman,  Canadian  Financiers.  Ltd 
5-  R-  fc..  Pettlngill, 
o  *D    ,^''i''^  C'^emtst,  Portland  Cenemt  Co. 
2.  R.  C.  Purser,  B.A.Sc, 
3-  -N'.  R.  RoBERTsox,  B.A.Sc, 
i>  J.  O.  Roddick,  B.A.Sc, 

Assistant  Engineer',' Dept.  of  Puhlir  Wnrh.    f  n 
1-  C.  H.  Rogers,  B.A.Sc!  "-^  '^""'''^'' 

Peterboro  Cayioe  Co.  Peterboro'  Ont 

'Diploma  with  honours. 


Toronto,  Ont. 

Port  Hammond,  B.C. 
\A'est  Allis,  Wis. 

^'ancouver,  B.C. 

Port  Colborne,  Ont. 

\\indsor,  Ont. 

Walkcrton,  Ont. 

Toronto,  Ont. 


Applied  Science 


29 


1906 — Continued. 


Peace  Ki\er  District. 

Ottawa,  Ont. 

Sault  Ste.  Marie.  Ont. 


2.*0   RoLFSON-,  B.A.Sc,  D.L.S.. 

Dominion  Land  Surceyor. 

I.  R.  C.  Ross,  B.A.Sc, 

Department  of  the  Interior. 

1.  K.  G.  Ross, 

With  Lang  &"  Keys,  Engineers  and  Surveyors. 
i.*H.  T.  RouTLY,  O.L.S.,  D.L.S  ,  Haileybury,  Ont. 

Rotdly,  Summers  cf  Malcolmson,  Engineers  amd  Surveyors. 

2.  J.  H.  Ryckm.\x,  Chicago,  111. 

Bridge  and  Bldg.  Dept.,  Chicago  Milwaukee  cf  St.  Paul  Ry. 
3.*W.  K.  Sanders.  58  Webster  St.,  West  Xewton,  Mass. 

i.*W.  A.  Scott.  B.A.Sc.  D.L.S.,  Gait,  Ont. 

Dominion  Land  Surveyor. 
i.*W.  M.  Stewart,  B.A.Sc, 
2.  J.  E.  Thomson",  B.A.Sc, 

With  Sterling  Coal  Co. 

3.*C.  L.  ViCKERY, 

Chief  Engineer,  American  Thread  Co 
5.  W.  E.  Wickett  (deceased). 
3.*J.  N.  Wilson,  B.A.Sc, 

Electrical  Dept.,  City  of  Toronto. 
3*E.  M.  Wood,  B.A.Sc, 


142  Aberdeen  Ave.,  Hamilton,  Ont. 
W.  \'irginia,  U.  S.  A. 

112  Barlow  St.,  Fall  River,  Mass. 


1907. 


Toronto,  Ont. 
136  Lee  .\ve.,  Toronto,  Ont . 

Hvde  Park,  Mass. 


3.*F.  G.  Allen,  B.A.Sc, 

Assistant  to  Chief  Engineer,  B.F.  Sturtevanf  Co 
I.  F.  J.  Anderson,  B.A.Sc, 
I.  A.  P.  Augustine, 

B.  C.  Land  Stirveyor. 
3.*H.  D.  Bowman,  B.A.Sc, 

With  the  Ontario  Power  Co. 

3.  W.  S.  Br.\dy,  B.A.Sc, 

I.  G.  H.  Broughton, 

I.  J.  A.  Brown,  B.A.Sc. 

Fellow  in  Drawing,  University  of  Toronto. 

1.  C.  E.  Bush,  B.A.Sc,  2S5  College  St.,  Toronto,  Ont. 

3.  J.  H.  Caster, 

Production  Dept.  Can.  Gen.  Elec.  Co. 

I.*E.  C.WELL, 

Wiggins  &  Cavell,  Surveyors  and  Engineers. 

i.*C.  B.  B.  Connell, 

With  Mirrless  cf  Watson. 
3.*G.  C.  Cowper,  B.A.Sc, 

Trent  Valley  Canal. 

2.  ].  V.   CUI  BERT,   B..\.Sc.. 

Staff  of  Willis  C  h  ip  iiutii.  C '.  K. 

*Diploma   with   honours. 


Niagara  Falls,  Ont. 
Vancouver,  B.C. 

Niagara  Falls,  Ont. 

Toronto,  Ont. 

Penticton,  B.C. 

Toronto,  Ont. 


Peterboro',  Ont. 

Saskatoon,  Sask. 

Glasgow,  Scotland. 

Frankford,  One. 

Toronto,  Ont. 


30 


List  of  Graduates 


3.*R. 

3-  S. 
3.*F. 

1.  G. 

6.  P. 

I-  J- 

2.  G. 

I.  A. 

I.  A 
I.  G. 
3-  C. 
i.*R. 

3-  K. 
I.  C. 

3-  R. 
3*H. 

i.*T. 

3.*C. 

I.  H. 
3-  E. 

3-*L. 

i.*\V. 

4.*C. 

3.*E. 

3-  D. 

1.  H. 
I.  A. 


1907 — Continued. 

S.  Uavis,  B.A.Ss.,  Calgary,  Alta. 

Sales  Engineer,  Canadian  WesHnghouse  Co. 

D.  Evans,  B.A.Sc, 

R.  EWART,  B.A.Sr., 

R.  S.  Fleming, 

With  Atwell  Fleming  Printing  Co. 
C.  Fux,  B.A.Sc, 

With  Waterous  Engine  Works  Co. 

S.  G.\LLETLY. 

Post-Gradiiatr  Course  in  Engineering,  University  of  Toronto. 
G.\LT,  B.A.Sc, 

With  Nevada  Co. 
B.  Garrow,  B.A.Sc, 

.Staff  of  City  Engineer. 
Gillies,  B.A.Sc, 
W.  Graham, 
S.  Grasett   B.A.Sc.  8    Harbord 

E.  \V.  Hagarty,  B.A.Sc. 
Demonstrator  in  Drawing,  University  of  Toronto. 

Hall,  B.A.Sc,  39  Sherman  Ave.,  Hamilton. 

T.  H.\MiLTON,  B.A.Sc,  Niagara  Falls,  Ont. 

With  Ontnno  Power  Co. 

A.  Hare.  St.  Catharines,  Ont. 

O.  Hill,  B.A.Sc,  Pittsburgh,  Pa. 

With  Riter-Conley  Mfg.  Co. 
H.  Hogg,  B.A.Sc,  Niagara  Falls.  Ont. 

Assistant  to  Supt.  of  Constrwtion,  Ontario  Power  Co. 
H.  Hltton,  B.A.Sc,  Hamilton,  Ont. 

Engineering  Staff,  Dominion  Power  Co. 

M.  Hyland,  B.A.Sc,  72  St.  Mary  St..  Toronto,  Ont. 

W.  Hyman,  B.A.Sc,  London,  Ont. 

Assistant  Superintendent,  London  Electric  Co. 

(i.  IreLAND,  B.A.Sc, 
Supt.,  Midland  Construction  Co.,  Ltd. 


Leamington,  Ont. 
Toronto,  Ont. 
Toronto,  Ont. 

Brantford,  Ont. 

Toronto,  Ont. 
ronto. 
Easi  Ely,  Nevada. 

Toronto,  Ont. 

Fort  William,  Ont. 

Eugenia,  Ont. 

St..    Toronto,    Ont. 

Toronto,  Ont. 


J.^CKSON.  B.A.Sc, 
With  Ontario  Power  Co. 


Belleville,  Ont. 
Niagara  Falls,  Ont. 
Chicago    111. 


B.  Jackson, 
Estimating  Dept.  E.  Everett  Clora  Co. 

W.  K.\v,  B.A.Sc,  Winnipeg,  Man. 

Salesman,  Canadian  Westinghouse  Co. 

F.  Keith.  Prove,  Utah. 

Electrical  Engineer,  Telluride  Power  Co. 

P-  Keith  Comber,  Ont. 

A.  Kixghorn,  B.A.Sc,  Toronto,  Ont. 

Inspector  of  Road  ways, City  Engineers  Department. 

ploma  with   honours. 


Applied  Science  31 

1907 — Continued. 

I.  L.  W.  Klingxer  568  Spadina  Ave.,  Toronto,  Ont. 

i.*F.  C.  Lamb,  B.A.Sc,  Xorth  Battleford,  Sask. 

Department  of  Public  Works. 

3.  A.  D.  LePan,  B.A.Sc.  Toronto,  Ont. 

Assistant  Superintendent  of  Buildings  and  Grounds,    University  of 
Toronto. 
I.  J.  H.  Lindsay.  Toronto,  Ont. 

Fellow  in  Surveying,  University  of  Toronto. 
3.  J.  A.  D.  McCuRDY,  Hammondsport,  X.Y. 

With  Graham  Bell,  Esq. 

i.*J.  B.  McFarlane,  B.A.Sc,  60  Lonsdale  Rd.,  Toronto,  Ont. 

Dominion  Land  Suroeyor. 
3.*D.  J.  McGuGAX,  B.A.Sc,  X'ancouver,  B.C. 

With  Humphreys  &  Tupper,  Civil  Engineers  and  Surveyors. 

3.  A.  H.  McIntosh,  ChicasTo,  lil. 

With  Illinois  Steel  Co. 

3.  F.  W.  McNeill,  B.A.Sc,  Peterboro',  Ont. 

Canadian  General  Electric  Co. 

i.*M.  K  .McQuARRiE,  Vancouver,  B.C. 

Terminal  Engineer,  C.P.  Ry.  Co. 

i.*G.  MacLeod,  Montreal,  P.Q. 

Assistant  Secretary,  Can.  Soc.  C.E. 

I.  A.  G.  M.A.CKAY,  New  York,  N.Y. 

With  Hudson  &f  Manhattan  Ry.  Co. 

I.  W.  S.  Malcolmsox,  B.A.Sc,  Haileybury,  Ont. 

Routly,  Summers  &  Malcolmson,  Engineers  and  Surveyo'-s. 

3.  S.  A.  Marshall,  Snelgrove,  Ont. 

6.  D.  H.  C.  Masox,  B.A.Sc,  Toronto,  Ont. 

I.  J.  W.  Melson,  B.A.Sc,  Toronto,  Ont. 

Fellow  in  Drawing,  University  of  Toronto. 

I.  G.  G.  Mills,  B.A.Sc,  Toronto,  Ont. 

3.  J.  B.  Mixns,  B.A.Sc,  Peterboro",  Ont. 

Canadian  General  Electric  Co. 

4.*G.  N.  MoLEswoRTH,  Toronto.  Ont. 

Draftsman,  Eden  Smith  ef  Son.  Architects. 

I.  J.  M.  Moore,  B.A.Sc,  London.  Ont. 

With  McClary  Mfg.  Co. 
5.*P.  F.  MoRLEY,  177  Pearson  A\e.,  Toronto.  Ont. 

I.  E.  W.  Murray,  Stratford,  Ont. 

Engineer,  with  Edge  cf  Gutteridge,  Contractors  and  Builders. 

3.  J.  D.  Murray,  Toronto,  Ont. 

With  Fetherstonhaugh  cf  Co.,  Patent  Solicitors  and  Engineers. 
I.  E.  W.  Neel.\xds.  B.A.Sc.  New  Liskeard,  Ont. 

Sutcliffe  &  Neelands,  Consulting  Engineers. 

I.  R.  E.  K.  Neelands,  B.A.Sc,  Brampton  Ont. 

2.*B.  Neilly,  B.A.Sc,  Coba't,  Ont. 

Assayer,  Black  Consolidated. 


^Diploma    witli    honours. 


2>2 


List  of  Graduates 

1907 — Continued. 


1.  A.  E.  NouRSE,  B.A.Sc.,  Tonjnto, 

Assistant  Engineer,  Expanded  Metal  Co. 
3.  J.  J.  O'Slllivax,  Toronto, 

With  Canada  Railway  News  Co. 

2.  T.  K.  Patox,  Wardner, 

Mining  Engineer. 
I.  F.  \V.  Pailix,  O.L.S.,  Niagara  Fails, 

Civil  Engineer. 
I.  R.  B.  Potter,  Toronto, 

Post-Graduate  course  in  Engineering.  University  of  Toronto. 

3.*F.  E.  Prochxow,  B.A.Sc,  Buffalo. 

With  Wilhelm,  Parker  cf  Ward,  Patent  Attorneys. 


3.*J.  F.  Procuxier,  Bayham. 

3.  G.  E.  QuAXCE,  B.A.Sc.  Delhi, 

3.*H.  Raixe,  Hamilton, 
With  Ha  mil  fan  Bridge  Works  Co. 

i.*J.  L.  R.\xxie,  B.A.Sc,  Ottawa. 

Observer,  Geodetic  Survey. 
3.  C.  \V.  B.  Richardsox,  B.A.Sc,  Montreal 

Motive  Po-wer  Dept. ,  A  ngiis  Shops. 
I.  A.  A.  Ridler,  Toronto, 

Stipt.,  Constructing  &  Paving  Co.,  Ltd. 
5.   H.  E.  RoTHWELL,  Port  Richmond, 

.Assistant  Chemist.  Standard  Varnish  Works. 
5.   C.  A.  SCHOFIELD,  Buffalo, 

Chemist,  Schoell-Kopf -Hartford  c'  Hanna  Co. 
i.*A.  C.  T.  Sheppard.  Ottawa, 

Department  of  Mines. 
I.  F.  R.  S.MITH.  B.A.  Gowganda, 

Manager,  Can.  Gowganda  Silver  Mines. 
3.  E.  R.  Smithrim,  B.A.Sc,  Sault  Ste.,  Marie, 

With  Tagona  Water  a  nd  Light  Co. 
i.*\V.  SxAiTH,  Toronto, 

Assistant  Engineer,  Barber  cf  Young. 
3.  A.  C.  Spexcer,  B.A.Sc,  London, 

Mechanical  Engineer,  McClary  Mfg.  Co. 
3.  G.  S.  Stewart,  Toronto, 

Agent,  Canadian  General  Electric  Co. 
I.  J.  A.  Stiles,  B.A.Sc,  Toronto, 

Demonstrator  in  Drawing,  University  of  Toronto. 

3.*J.  L.  Stiver,  Ottawa, 

Electrical  Standard  Laboratory,  Inland  Revenue  Department. 

I.  J.  L.  G.  Stuart,  B.A.Sc,  Toronto, 

Railway  and  Special  Works  Department,  City  Hall. 

I.  G.  F.  Simmers.  O.L.S.,  Haileybun.-. 

Routly.  Summers  &  Malcolmson,  Engineers  and  .Surveyors. 


Onr. 

Ont. 

Ida. 

Ont. 

Ont. 

X.Y. 

Ont. 
Ont. 
Ont. 

Ont. 

.Que 

Ont. 

X.Y. 

X.Y. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 

Ont. 


*  Diploiii.'i   with   lionours. 


Applied  Science  33 

1907 — Continued. 

i.*H.  \V.  SUTCLIFFE,  Xew  Liskeard,  Out. 

Sutdiffe  c?  Neelands,  Consulting  Engineers. 
I.  P.  M.  Thompson,  B.A.Sc,  Ambridge.  Pa. 

Draftsman,  American  Bridge  Co. 
3.  O.  R.  Thomson,  B.A.Sc,  Berlin,  Ont. 

Inspector,  Hydro-Electric  Power  Commission. 
I.   L.  R.  Thomson,  B.A.Sc,  Winnipeg,  Man. 

Lecturer  in  Civil  Engineering,  University  of  Manitoba. 
I.  W.  J.  \V.\LKER,  Nipigon,  Ont. 

\]'ith  Transcontinental  Ry. 
I.  E.  D.  Wilkes,  B.A.Sc,  Toronto.  Ont. 

Main  Drainage  Department,  City  Hall. 
3.  A.  F.  Wilson,  B.A.Sc,  Chicago,  111. 

Inspector,  Chicago,  Telephone  Co. 
3.   M.  H.  Woods,  Toronto,  Ont. 

Post-Gradiiate  Course  in  Engineering,  University  of  Totonto. 
I.  G.  W.  A.  Wright,  517  Oxford  St.,  London,  Ont. 

Warren  Bituminous  Paving  Co. 
3. J.  Young,  Toronto,  Ont. 

Inspector,  Canadian  Fire  Underwriter's  Association. 
3.*A.  R.  ZiMMER,  B.A.Sc.  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,   University  of  Toronto. 


1908. 

3.   H.  G.  Akers;  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrochemistry,  University  of  Toronto. 
3.  L.  F.  Allan,  Toronto,  Ont . 

Roadway  Dept.,  City  Hall. 
i.*C.  B.  .Allison,  South  Woodslee,  Ont. 

i.*R.  M.  Anderson,  B.A.Sc.  Burlington,  Ont. 

5.  J.  R.  Arens,  Toronto,  Ont. 

Post  -graduate  Course  in  Engineering,   University  of  Toronto. 
3.   H.  C.  Barber,  Toronto,  Ont. 

Post-graduate  Course  in  Engineering,  University  of  Toronto. 

1.  E.  Bartlett,  B.A.Sc,  Smithvillc,  Ont. 

Dominion  Land  .Survey  Work. 

2.  F.  J.  Bedford,  Porcupine,  Ont. 
i.*G.  G.  Bell,  Portland,  Me. 

With  Sawyer  cf  Moulton.  Consulting  Engineers. 

3.  G.  E.  Black,  B.A.Sc,  Toronto,  Ont. 

Public  Works  Department  of  Ontario. 
3.   H.  F.  Bowes,  Toronto,  Ont. 

Superintendent  of  Warren  Bituminous  Paving  Co.,  Ltd. 
3.*T.  H.  BR.A.CE,  BrookKn,  X.V- 

With  N.  Y.  Telephone  Co. 

*Diploina   with   lionoiirs. 


34 


List  of  Gilvduates 
1908 — Con  tin  tied. 


1.   W  R.  Breckex,  B.A.Sc,  Montreal,  Que. 

General  Secretary,  V.MA.'.A. 

3.  E.  I.  Brown,  Xipissing,  Ont. 

Assistant  Engineer  on  Const.  Can.  Westinghouse  Co.,  Nipissing  Poii'er 
Company. 


1.  W.  F.  M.  Brvce, 

Assistant  Engineer,  City  Engi>ieer's  Department. 
3.   P.  H.  Blchax,  B.A.Sc, 

Engineering  Department,  B.C.  Electric  Ry.  Co.,  Ltd. 

2.  j.  v..  Campbell,  B.A.Sc, 

Canadian  Copper  Co. 

3.  X.  A.  Campbell, 

Chief  Chemist,  Canada  Cement  Co. 
3.  .A.  M.  Carroll, 

Manager,  Rochester  Cobalt  Mines,  Ltd. 
I.   H.  R.  Carsc.allex,  B.A.Sc, 

Assistant  Hydrographer,  u'ith  P.  M.  Sander. 
3.  G.  Challen, 

I.  F.  H.  Chesxut,  B.A.Sc, 

Resident  Engineer,  C.X.R.  Plant. 
I.  \V.  E.  Cole  (deceasedj. 
4.*\\'.  C.  CoLLETT,  B.A.Sc, 

Draftsman,  F.  S.  Baker  Trader's  Bank  Bldg. 


Ottawa,  Ont. 

Vancouver,  B.C. 

Copper  Cliff,  Ont. 

Calgary   Alta. 

Cobalt,  Ont. 

Calgary,  Alta. 


Goderich,  Ont. 
Mount  Lebanon,  B.C. 


Toronto,  Ont. 


530  Huron  St..  Toronto,  Ont. 
5930  South  Park  Ave.,  Chicago.  111. 

Copper  Cliff,  Ont. 
Midland,  Mich. 

Box  230.  Penticton,  B.C. 
Detroit,  Mich. 


6  McClellan  St. 


I.  R.  V.  Cory.  B.A.Sc, 
3.*H.  CoYXE,  B.A.Sc, 

Designing  Draftsman. 
2.*J.  D.  Clmmixg,  B.A.Sc, 
6.  A.  D.  Dahl.  B.A.Sc, 

Chemist,  Dow  Chemical  Co. 

1.  F.  A.  D.AXKs, 
3.  J.  Darroch, 

Draftsman,  Auto  parts  Mfg.  Co 
3.    H.  C.  DOORLV, 

2.  R.  H.   DOLGLAS, 

Department  of  Public  Works, 
2.*F.  C.  Dyer,  B.A.Sc, 

Demonstrator  in  Mining,  University  of  Toronto 
I.  F.  M.  Eagle  SOX, 
1.  C.  Edwards,  B.A.Sc, 

117.'/?  Standard  Sanitary  Mfg.  Co. 
I.  S.  L.  EvAxs,  B.A.Sc, 
I.  E.  O.  EwixG, 
I.  ().  L.  Flaxag.ax,  B.A.Sc, 

With  C.  H.  Mitchell,  Consulting  Engineer,  1003  Traders'  Bank  Bldg 
I.  C.  Flixt,  B.A.Sc,  Monadnock,  B.L.,  Chicago 

With  MacDonald  Engifie  Co. 

*  Diploma  with  honours. 


Schenectady,  X.Y. 
Edmonton,  Alta. 

Toronto,  Ont. 

Gorrie,  Ont. 
Toronto.  Ont. 

Corinth,  Ont. 

Campbellford,  Ont. 

Toronto,  Ont. 
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I.  A.  H.  Foster,  B.A.Sc,  Toronto,  Ont. 

3.  G.  C  Francis,  Toronto,  Ont. 

City  Engineer  s  Staff,  Roadicay's  Department. 

3.  S.  S.  Gear.  Fort  Erie. 

I.  C.  A.  Grassie,  B.A.Sc,  Welland,  Ont. 

3.*C.  L.  GuLLEY,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,  University  of  Toronto. 

3.  J.  W.  Hackner,  B.A.Sc.  Nairn  Centre,  Ont. 

Inspector  of  Public  Works. 

3.  F.  L.  H.A.VILAXD,  Hamilton,  Ont. 

Draftsman,  Hamilton  Bridge  Works  Co. 

i.*C.  D.  Henderson,  Walkerville,  Ont. 

Canadian  Bridge  Co. 

5.*D.  J.  HuETHER,  B.A.Sc,  Plainfield,  N.J. 

Manager,  Century  Rubber  Trading  Co. 

1.  A.  D.  HuETHER,  B.A.Sc,  77  Grenville  St.,  Toronto,  Ont. 
3.*A.  N.  Hunter,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,  University  of  Toronto. 
3.  S.  B.  Iler,  Belleville,  Ont. 

Construction  Department,  Seymour  Power  &  Electric  Co. 
i.*J.  T.  Johnston,  B.A.Sc,  Campbellford,  Ont. 

Assistant  Engineer  on  Construction  of  Trent  Canal. 

2.  H.  G.  Kennedy,  Toronto,  Ont. 

Post  Graduate  Course  in  Engineering,  University  of  Toronto. 


i.nV.  R.  Keys, 

3.*J.  X.  M.  Leslie,  B.A.Sc, 

With  Canadian  Westinghouse  Co. 
3.  F.  C.  Levyis, 

American  Bridge  Co. 
3.  H.  R.  Lynar, 

Lynar  cf  Mace,  Consulting  Engineers. 
i.*\V.  G.  McGeorge, 

Constdting  Engineer. 
I.  J.  M.  McGregor 
I.  L.  A.  McLean,  B.A.Sc,  (deceased). 
I.    W.  A.  A.  MC^LA.STER, 
I.   H.  C.  McMoRDiE,  B.A.Sc,^ 

With  Canadian  Bridge  Co. 
i.*A.  A.  McRoBERTs,  B.A.Sc, 

Assistant  on  Dominion  Land  Survey. 

5.*N.  G.  Madge. 

Chief  Chemist,  Continental  Rubber  Co.  of  N.  Y 

3.    J.   E.   M ALONE, 

With  Illinois  Steel  Co. 
5.  K.  D.  Marl.\tt, 

The  Marlatl  6~  .Iriiis/roiig  Co. 


Winchester,  Ont. 
Hamilton,  Ont. 

Chicago,  III. 

Toronto,  Ont. 

Chatham.  Ont. 

Ridgetown,  Ont. 

Paimerston,  Ont. 
Walkerville,  Ont. 

Pontypool,  Ont. 

N'ew  York,  \.  V. 

Chicago,  III. 

Oakwell,  Ont. 


^Diploma   with   lion 
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I.   R.  J.  Marshall,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  hi  Applied  Mechanics,  University  of  Toronto. 
5.  G.  L.  MiLLiGAN,  Toronto,  Ont. 

Post-graduate  Course  in  Engineering,  University  of  Toronto. 
I.  A.  B.  Mitchell,  Cambridge,  Mass. 

Student  in  Architectecture,  Harvard  University. 
4.*J.  C.  P.  Molesworth  (deceased). 
3.  E.  D.  Monk,  B.A.Sc,  Plttsfield,  Mass. 

Testing  Department,  General  Electric  Co. 
3.*F.  H.  Moody,  B.A.Sc,  49-55  Lafayette  St.,  Xe.v  York,  X.V. 

Associate  Editor  of  "Machinery.  " 
3.  J.  H.  MoRiCE,  B..-\.Sc,  938  -Albany,  St.,  Schenectady,  N.Y. 

3.  F.  E.  H.  Mowbray,  B..\.Sc,  Hamilton,  Ont. 

Canadian  Westinghouse  Co. 
3.*W.  P.  Murr.ay,  B.A.Sc,  .Montreal,  Que. 

Dominion  Bridge  Co. 
3.  W.  deC.  O'Gr.ady,  Winnipeg,  Man. 

Engineer,  Gas  Traction  Co.,  Ltd. 
I.   H.  J.  Peckover,  B..\.Sc.,  Toronto,  Ont. 

Fellow  in  Drawing,  University  of  Toronto. 
i.*.M.  Pequegn.\t,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Drawing,  University  of  Toronto. 
I.   H.  G.  Phillips,  Saskatoon,  Sask. 

Phillips  cf  Phillips,  Civil  Engineers  and  Surveyors. 
3.   -M.  Piv.MCK,  Toronto,  Ont. 

Student  in  Dentistry. 
i.*E.  M.  Proctor,  B..A..Sc,  Toronto,  Ont. 

Draftsman,  Canada  Foundry  Co. 
3.*C.  F.  Publow,  B.A.Sc,  305  Gladstone  A\^e.,  Toronto,  Ont. 

I.  J.  T.  Raxsom,  B.  A.Sc,  Toronto,  Ont. 

Fellow  in  Surveying,  University  of  Toronto. 
i.*\\.  B.  Redfern,  B.A.Sc,  Steelton,  Ont. 

Resident  Engineer  for  Willis  Chipman,  C.E. 
I.  F.  L.  Richardson,  B..\.Sc.,  Toronto,  Ont. 

With  Miller,  Cummings  &•  Robertson. 
3.  H.  .\.  RiCKER,  B.A.Sc,  ioi  Leeming  St.,  Hamilton.  Ont. 

I.  A.  R.  Robertson,  B.A.Sc,  Toronto,  Ont. 

Staff  of  City  Engineer. 
5.  F.  A.  Robertson,  Toronto,  Ont. 

Assistant  Advertising  cf  Business  Manager,  Farmers'  Magazine. 
i.*\V.  A.  Robinson,  Winnipeg,  Man. 

3-   R.  C.  Robinson,  134  Edmonton  St.,  Winnipeg,  Ont- 

5.   L.  J.  Rogers,  Toronto,  Ont. 

Demonstrator  in  Chemistry,  University  of  Toronto. 
2.*R.  R.  Rose,  B.A.Sc,  Copper  Cliff.  Ont. 

With  Canadian  Copper  Co. 
3.   P.  Ross,  387  Princess  Ave.,  London  Ont. 

*Diploma  with   honours. 
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I.  A.  O.  Secord,  Brantford,  Ont. 

3.  W.  E.  V.  Shaw,  B.A.Sc,  Toronto,  Ont. 

Purchasing  Engineer,  Hydro-Electric  Poiver  Commission. 

3.  H.  F.  Shearer,  B.A.Sc,  E.  Norwood,  Ohio. 

Testing  Engineer,  Bullock  Electric  Mfg.  Co. 

I.  W.  L.  Stamford,  B.A.Sc,  Point  du  Bois,  Man 

Inspector  on  Concrete  Work,  Hydro-Electric  Power  Plant. 

3.   R.  H.  Starr,  B.A.Sc,  Toronto,  Ont. 

Toronto  Hydro-Electric  System,  City  Hall. 

3.  A.  W.  J.  Stewart,  Toronto,  Ont. 

Electrical  Department,  City  Hall. 

3.  J.  St.  Lawrence,  Erie,  Pa. 

Supt.  of  Engine  Shops,  Erie  City  Iron  Works. 

I.  J.  J.  Stock,  Toronto,  Ont 

1.  H.  B.  .Stuart,  B.A.Sc,  Hamilton,  Ont. 

Draftsman,  Hamilton  Bridge  Works  Co. 

2.  J.  L.  G.  Stuart,  B.A.Sc,  Toronto,  Ont. 

Railway  cf  Special  Works  Department,  City  Hall. 

3.  A.  D.  Sword,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.  J.  W.  R.  Taylor,  B.A.Sc,  Hamilton,  Ont. 

With  Cajiadian  Westinghouse  Co. 
i.*\V.  E.  Taylor,  B.A.Sc,  Toronto,  Ont. 

Fellow  in  Drawing,  University  of  Toronto. 
3.  V.  C.  Thomas,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Hydraulics,  University  of  Toronto. 
I.  J.  H.  Thornley,  B.A.Sc,  943  Dundas  St.,  London.  Ont. 

I.  C  G.  Toms,  B.A.Sc,  60  Spencer  Ave.,  Toronto,  Ont. 

I.   H.  W.  Tye,  Winnipeg,  Man. 

Construction  Dept.,  C.P.R. 
3.  C.  P.  Van  Norman,  Toronto,  Ont. 

Post-graduare  Course  in  Engineering,  University  of  Toronto. 
I.  T.  L.  \'illeneuve,  Chicoutimi,  Que. 

Assistant  Engineer,  Dept.,  of  Public  Works. 
I.  J.  A.  Walker,  B.A.Sc,  Nelson,  B.C. 

With  A.  L.  McCulloch,  C.E.,  B.C.L.S. 
3.*B.  W.  Waugh,  Toronto,  Ont. 

Post-graduate  Course  in  Engineering,  University  of  Toronto. 
3.   R.  M.  Wedlake,  B.A.Sc,  Brantford,  Ont. 

With  Cockshiitt  Plow  Co.,  Ltd. 
3.   R.  P.  Weir,  Toronto,  Ont. 

With  C.  H.  Mitchell.  Consulting  Engineer. 
I.  A.  M.  West,  B.A.Sc,  \ancouvcr,  B.C. 

C.N.R.  Office. 
I.  W.  R.  White,  Drayton,  Ont. 

3.  W.  J.  White,  B..\.Sc.,  Boston,  Mass. 

Supt.,  on  Construction,  General  Electric  Co. 

*DipIoma   with   honours. 
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3.*F.  D.  Wilson,  Toronto,  Ont. 

Draftsman,  McGregor  g°  Mclntyre,  Ltd. 
I.  J.  M.  Wilson,  Moose  Jaw,  Sask. 

City  Engineer. 
I.   D.  O.  Wing,  Prince  Rupert,  B.C. 

With  G.T.P.  Co. 
3*R.  YocNG,  Lake  Burnstzean,  Burrard  Inlet.,  B.C. 


1909. 

3-   E.  G.  Arens.  Niagara  Falls,  Ont. 

Draftsman  n-itli  H.  D.  Symmes,  Contractor. 
3.   H.  V.  Armstrong,  Dunnville,  Ont. 

Engineering  Staff  of  Willis  Chipman,  C.E. 
2.*E.  T.  Austin,  Toronto.  Ont. 

Post-graduate  Course  in  Engineering,  Universiiy  of  Toronto. 
3.  W.  H.  B.\RRY,  B.A.Sc,  Niagara  Falls,  Ont. 

3.   R.  D.  S.  Beckstedt,  B.A.Sc,  Wilkinsburg,  Pa. 

3.   R.  E.  Beith,  Cochrane,  Ont. 

With  Transcontinental  Ry. 
i.*(i.  A.  Bennett,  B.A.Sc,  Box  1928,  Calgary.  Alta. 

Domimion  Land  Surveyor,  Dept.  of  the  Interior. 
3.   v..  R.  Bircharo.  B..a.Sc  ,  Barrie,  Ont 

Canada  Producer  d'  Gas  Engific  Co. 
3.W  .  D.  Bl.\ck,  B.A.Sc,  Montreal,  Que. 

Siipt.,  Otis-Fensom  Elevator  Co.,  Ltd. 
3.*D.  C.  Blizard,  Toronto,  Ont. 

Post-graduate  Course  i?i  Engineering.  University  of  Toronto. 
i.*W.  J.  Bollton,  Wallaceburg,  Ont. 

3.  G.  H.  BowEN,  B.A.Sc,  Niagara  Falls,  Ont. 

Engineer  on  Construction,  Queen  Victoria  Park. 
3.  C.  E.  Brown,  B.A.Sc,  Hamilton,  Ont. 

Canadian  Westinghotise  Co. 
I.  E.  W.  Browne,  B.A.Sc,  247  Cannon  St.  E.,  Hamilton,  Ont. 

I.  J.  A.  Buchanan,  Comber,  Ont. 

3.  J.  E.  Burns,  B.A.Sc,  231  Seaton  St.,  Toronto,  Ont. 

I.  M.  G.  Cameron,  B.A.Sc,  Peterboro',  Ont. 

3.*R.  A.  Campbell,  AUiston,  Ont. 

I.  v.  S.  Chesnut,  Mount  Lebanon,  B.C. 

Canadian  Northern  Ontario  Ry. 
i.*C.  G.  Cline,  Toronto,  Ont. 

P^st-graduate  Course  in  Engineering,  University  of  Toronto. 
I.  J.  G.  Collinson   B.A.Sc,  St.  Thomas,  Ont. 

I.  G.  W.  CoLTHAM,  B.A.Sc,  Aurora,  Ont. 

3.*H.  A.  CoocH,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Electrical  Engineering,  University  of  Toronto. 

*Diplonia   with   honours. 
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3.  W.  E.  CoRMAX,  Stony  Creek,  Ont. 

3.  T.  H.  Crosby,  Toronto,  Ont. 

Post-graduate  Course  in  Engineering,  University  of  Toronto. 
3.   R.  H.  CuxxixCxHAM,  Chicago.  111. 

With  Bryan-Marsh  Co. 
I.*  F.  A.  Dallyx,  B.A.Sc  1488  King  St.  \\'.,  Toronto,  Ont. 

3.  C.  X.  Daxks,  Sherbrooke,  Que. 

Draftsman,  Canadian  Rand  Co.,  Ltd. 
I.  E.  M.  Daxx,  Ottawa,  Ont. 

Railway  Lands  Branch,  Dept.  of  the  Interior. 

3.   H.  \V.  Davis,  Kingston,  Ont. 

Wi/h  A.  Darn's  &  Son,  Ltd.,  Leather  Maiitifdcturers-. 

2.*A.  I.  Davis,  B.A.Sc,  ^2  Kendal  Ave.,  Toronto,  Ont. 

I.  H.  C.  Davis 
I.   I.  H.  Dawsox, 
Draftsman. 
3.    \V.  H.  bEL.\H.\YE,  B.  A.  Sc, 
3.  \V.  P.  Derham,  B.A.Sc, 

5.*\V.  A.  DoDDS,  B.A.S.c, 

With  Penman  Littlehales  Chemical  Co. 

I.   R.  H.  Douglas, 

Department  of  Public  Works. 
I.  F.  S.  Falcoxer,  B.A.Sc, 
3.  T.  A.  Fargey,  B.A.Sc, 

With  General  Electric  Co. 
I.  J.  B.  Ferglsox, 
3.  A.  T.  Fergussox,  B.A.Sc, 
T.  E.  Freemax,  B.A.Sc, 

Canadian  General  FJectrir  Co. 

E.  R.  Frost,  B.A.Sc, 

With  Smith,  Keery  e=  Chace. 
A.  E.  Glover, 

Post-graduate  Coures  in  Engineering,  University  of  Toronto. 

A.  E.  GooDERHAM,  Toronto,  Ont. 

D.  A.  Graham,  B.A.Sc,  Ivan,  Ont. 

R.  R.  Graxt,  106  Warren  Rd.,  Toronto,  Ont. 

J.  E.  Gr.\y,  Toronto,  Ont. 

Post-graduate  Course  in  Engineering,  University  of  Toronto. 

(i.  E.  D.  Greexe,  B.A.Sc,  Toronto,  Ont. 

W.  H.  Greexe,  26  South  Drive,  Toronto,  Ont. 

\V.  \V.  Guxx,  B.A.Sc,  Montreal,  Que. 

With  Dominion  Bridge  Co. 

C.  J.  Harper,  Pittsfield,  Mass. 

D.  \V.  Harvey,  B.S..Ac,  London,  Ont. 
C.  O.  H.\y,  114  Lilxrty  St.,  New  \<)rk.  ^■.^■ 

Supt.  on  Construction,  Muralt  c?  Co. 

*  Diploma   with   honours. 


Burlington,  Ont. 
St.  Catharines,  Ont. 

Pembroke,  Ont 

Ottawa,  Ont. 

Syracuse,  X.V. 

Edmonton,  Alta. 

Shelburne,  Ont. 
Newark,  X.  J. 

Chicago,  111. 

Toronto,  Ont. 

Peterboro',  Ont. 

Toronto,  Ont. 

Toronto,  Ont. 
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3*r.  Hemphill, 

Canton  Electric  Poivcr  Co. 


Canton,  Ohio. 
Toronto,  Ont. 
Hamilton,  Ont. 
Toronto,  Ont. 


i.*(i.  Hogarth 

Engineer's  Office,  Dept.  of  Public  Works  of  Ontario 
3-  A.  E.  Holmes,  B.A.Sc, 

Canadian  Westinghouse  Co. 
3.  C.  R.  Holmes, 

Post-graduate  Course  in  Engineering.  Universitv  of  Toronto 
I.  (j.  C.  HosHAL,  B.A.Sc,  '    ■         T,     ■ 

3.  C.  HtGHES,  B.A.Sc  loronto,  Ont. 

I.  A.  E.  Hunter,  B.A  Sc  Toronto,  Ont. 

3.*H.  Irwin,  B.A.Sc.  Toronto,  Ont. 

Secretary,  Engineering  Society,  Uuiversity  of  Toronto     '^°''°"^°-  <^"t- 


3-    J.  ISBISTER,  B.A.Sc, 

3-  E.  P.  J  ACRES,  B.A.Sc, 

With  Canadian  Westinghouse  Co. 
i.*J.  E.  Jackson, 
I.  E.  W.  James,  B.A.Sc, 
i.*C.  C.  Johnson,  B.A.Sc 

City  Hall. 

1.  C.  E.  Johnston, 


U'in,t.^ham,  Ont. 
Toronto,  Ont. 

0.\ford  Centre,  Ont. 
Toronto,  Ont. 
Toronto^  Ont. 


Post-graduaie  Course  in  Engineering,  University  of  Toronto."'"'  ^"'- 


I.  W.  J.  Johnston, 
i.*A.  H.  E.  Keffer, 

With  T.  cf  N.O.  Ry. 
3-  j.  R.  O.  Kemp,  B.A.Sc, 

Fellozc  in  Drawijig,  'University  of  Toronto 
3-  \\'-  R.  Key,  B.A.Sc, 

Mechanical  Draftsman. 
5-  H.  \.  Klotz,  B.A.Sc, 

Clionist,  Giitta  Perch  a  &  Rubber  Co. 
3-  A.  \V.  Lamont,  B.A.Sc, 

Sales  Engineer,  Canadian  Westinglwuse  Co.    Ltd 
3-  C.  B.  Langmuir,  B.A.Sc. 

Sales  Dept.,  Factory  Products.  Ltd 
3-  A.  E.  Lennox,  B.A.Sc 

National  Electric  Lamp  Association. 
I.  R.  W.  E.  LoucKs, 

Asst.  to  A.  Fawcetl,  1)  I    S 

I-  N.  C.  A.  Llovd, 

3-  E.  O.  MacEarlane,  B.A.Sc, 

••  J.  C,.  MacKinnon, 

optical  Dept.,   T.  Katun  Co. 

I-  \\'.  A.  MacLachlan 

3-  B.  A.  Maclean,  B.A.Sc, 

I.  N.  W.  Macpherson,  B.A.Sc, 

*nipKMiia    with   hoiunirs. 


Porcupine,  Ont. 
North  Bay,  Ont. 

Toronto,  Ont. 
Toronto,  Ont. 
Toronto,  Ont. 
A\'innipeg,  Man. 
Toronto,  Ont 
Cleveland,  Ohio. 
IX'lisle,  Sask-. 

Cleveland,  Ohio. 
Toronto,  Ont. 

Ciielph,  Ont. 

Hamilton,  Ont. 

St.  Thomas,  Ont. 
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3.   D.  D.  McAlpine,  Toronto,  Ont. 

Post-Gradiiate  Course  in  Engineering,  University  of  Toronto. 

I.  A.  S.  McArthur,  B.A.Sc,  Toronto,  Ont. 

3.  C.  R.  McCoLLUM,  B.A.Sc,  Toronto,  Ont. 

With  Canada  Cycle  &  Motor  Co. 

3.*A.  S.  McCoRDiCK,  Toronto,  Ont- 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  P.  J.  McCuAiG,  B.A.Sc,  Milwaukee,  Wis. 

I.  F.  H.  McKechnie,  Cochrane,  Ont. 

Resident  Engineer,  Trans.  Ry. 
3.  W.  G.  McIntosh,. 

3.  G.  McLeod,  Waupaca,  Wis. 

Electrician,  Electric  Light  6-  Ry.  Co. 

I.  V.  McMillan,  B.A.Sc,  Toronto,  Ont. 

3.   N.  H.  Manning,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Mechanical  Engineering.  University  of  Toronto. 

i.*A.  B.  Manson,  B.A.Sc,  Stratford.  Ont 

City  Engineer' s  Staff. 

i.*E.  S.  Martindale,  Toronto,  Ont. 

Post -Graduate  Course  in  Engineering,  University  of  Toronto. 

1.  O.  W.  Martyn,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  C.  A.  Morris,  B.A.Sc,  Toronto,  Ont. 

3.  G.  Morton,  B.A.Sc,  Calgary,  Alta. 

Canadian  Westinghotise  Co. 
i.*F.  V.  Munro,  B.A.Sc,  Toronto,  Ont. 

Fellow  in  Drawing,  University  of  Toronto. 
I.  E.  A.  Neville,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  J.  Newton,  B.A.Sc,  Toronto,  Ont. 

City  Engineer's  Department. 
3.*L.  S.  Odell,  Toronto,  Ont. 

Fellow  in  Draiving,  University  of  Toronto. 
3.  V.  J.  O'Donnell,  Toronto,  Ont. 

3.  J.  J.  O'Hearn,  Petcrboro',  Ont. 

Canadian  General  Electric  Co. 
I.  A.  W.  Pae,  Calgary,  Alta. 

District  Hydrographer. 
i.*A.  M.  Petry,  B.A.Sc,  _^  Toronto,  Ont. 

Assistant  Manager,  "  Chas.  Potter." 

1.  R.  B.  Pigott,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  G.  M.  Ponton,  Blairmorc,  Alta. 

With  West  Canadian  Collieries  Co. 
3.*C.  J.  Porter,  B.A.Sc,  Portland,  Oregon. 

Draftsman,  Mount  Hood  Ry.  &•  Power  Co. 

3.  A.  I.  Proctor,  Hamilton,  Ont. 

*Diploina   with   honours. 


42  List  of  Graduates 

1909 — Continued. 

I.  J.  Qlail,  Toronto,  Ont. 

I    A.  F.  Ramsperger,  Toronto,  Ont. 

Draftsman,  With  Toronto  Iron  Works  Ltd. 

i.*C.  R.  Redfern,  B.A.Sc,  Toronto,  Ont. 

Demonstrator  in  Applied  Mechanics.  University  of  Toronto. 
3.*L.  T.  RuTLEDGE,  B.A.Sc,  Toronto,  Ont. 

Fellow  in  Drawing,  University  of  Toronto. 
I.  A.  U.  Sanderson,  B.A.Sc,  Toronto,  Ont. 

3.*R.  A.  S.\RA,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  Univrsity  of  Toronto. 
3.*A.  ScHLARBAU.M,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.*C.  ScHWENGER,  B.A.Sc,  Toronto,  Ont. 

Electrical  Department,  City  Hall. 

I.  C.  .\.  Scott.  Toronto,  Ont. 

Roadway  Department,  City  Hall. 

I.  .A.  Sedgwick,  Kaministikuia,  Ont. 

Engineer,  Dog  Lake  S'orage  Works. 
I.   B.  H.  Segre,  Winnipeg,  Man. 

I.   F.  \'.  Seibert,  Toronto,  Ont. 

Fellow  in  Surveying,  University  of  Toronto. 
5.   M.  R.  Shaw,  Midland,  Mich. 

Chemist,  Dow  Chemical  Co. 
3.   M.  W.  Sparling,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.  J.  J.  Spence,  Toronto,  Ont. 

I.   D.  S.  Stayner,    B..\.Sc,  Toronto,  Ont. 

Bridge  Department,  City  Engineer  s  Office. 
i.*N.  C.  Stewart,  Toronto,  Ont. 

Post-Graduate  Course  in  E?igineering,   University  of  Toronto. 
i.*P.  H.  Stock,  St.  Catharines,  Ont. 

Resident  Engineer,  N.  St.  C.  &  T.  R.  Ry. 
I.  J.  C.  Street,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,   University  of  Toronto. 
3.  S.  Stroud,  B.A.Sc,  East  Pittsburgh,  Pa. 

Weslinghouse  Electric  &  Manufacturing  Co. 
I.  C.  C.  Sutherland,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
1.  R.  G.  Swan,  B..'\.Sc.,  '    "        Toronto,  Ont. 

I.  A.  D.  Sword,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*H.  W.  Tate,  B.A.Sc,  Toronto,  Ont. 

3.*E.  A.  Thompson,  Toronto,  Ont. 

With  Smith,  Kerry  &>  Chace. 
I.  G.  A.  Tipper,  B.A.Sc,  Toronto,  One. 

3.  A.  G.  Trees,  B.A.Sc,  Toronto,  Ont. 

*ni|>loma    wilh    tioiioiirs. 
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3.  \V.  G.  TuRNBULL,  B.A.Sc,  Milwaukee,  Wis. 

The  Cutler  Hammer  Mfg.  Co. 

I.  J.  E.  I'xDERWOOD,  Lakelet,  Ont. 

I.  C.  P.  VaxXorman.  Toronto,  Ont. 

Post-Grndiiate  Course  in  Engineering,  University  of  Toronto. 

^  J.  VanNostrand,  Toronto,  Ont. 

Student. 

I.  A.  Vatcher,  B.A.Sc,  Freshwater,  Bay  deVerde.  Nil. 

With  the  Reid  Ne-dfonndland  Co. 

I.  C.  M.  Walker,  Toronto,  Ont. 

Post-Grnduate  Coiirse  in  Engineering,  University  of  Toronto. 

I.  E.  E.  Webb,  Orillia,  Ont. 

1.  C.  E.  Webb,  B.A.Sc,  Toronto,  Ont. 

3.   F.  C.  White,  Toronto,  Ont. 

Posi-Graditate  Course  in  Engineering,  University  of  Toronto. 

3.  A.  R.  Whitelaw,  Toronto,  Ont. 

With  Smith,  Kerry  &  Chace. 

1.  R.  G.  Wilkinson,  Aberarder,  Ont. 
5.*J.  A.  McK.  Williams,  B.A.Sc,  Toronto,  Ont. 
i.*0.  T.  G.  Williamson,  B.A.Sc,  Guelph,  Ont. 
3.  L.  R.  Wilson.  Toronto,  Ont. 

Post-Gradunte  Course  in  Emiineering,  University  of  Toronto. 
3.   F.  F.  Wilson,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  S.  A.  WooKEV,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

1910. 

2.  J.  H.  .Ad.\ms,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.*0.  F.  Adams,  Toronto,  Ont. 

Fellow  in  Electrical  Engineering,  University  of  Toronto. 

i.*\\'.  G.  Amsden,  Toronto.  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.J.  A.  Baird,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering  University  of  Toronto. 
i.*W.  J.  Baird. 

1.  H.  A.  Barnett,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*E.  W.  Berry,  Seaforth,  Ont. 

I.*H.  C.  Bingham,  Moose  Jaw  Sask. 

City  Engineer's  Department. 

2.  D.  G.  BissET,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  Univers'ty  of  Toronto. 
I.   R.  H.  H.  BL.A.CKWELL.  Toronto,  Ont. 

i.*E.  P.  Bowman,  Toronto.  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 


*  Diploma  with  honours. 
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2.  A.  F.  Brock,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  oj  Toronto. 

3.  M.  O.  Browne,  Toronto,  Ont. 
3.  J.  R.  Burgess,  Toronto,  Ont. 

Posl-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.   \.  G.  H.  BuRNHAM,  Toronto,  Ont. 

3.*\V.  C.  Cale,  Glenwood  Springs   Colo. 

With  Central  Colorado  Poiver  Co. 

2.*.\.  D.  Campbell,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  oj  Toronto. 

3.  \V.  M.  Carlyle,  Toronto,  Ont. 

Post-Graduate  Course  in  E-ngineering,  University  of  Toronto. 

3.   X.  S.  Caudwell,  Toronto,  Ont. 

i.*D.  C.  Chisholm,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.  J.  A.  Claveau,  Chicoutimi,  P.Q. 

3.  L.  S.  CocKBURX,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  A.  G.  Code,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  C.  R.  Cole,  Woodstock,  Ont. 

1.  G.  A.  CoLQUHOUX,  Toronco,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
4.*J.  H.  Craig,  Toronto,  Ont. 

Felloiv  in  Drawing,  University  of  Toronto. 
3.*C.  D.  Deax,  Toronto,  Ont- 

Post-Graduate  Course  in  E  gineering,  University  of  Toronto. 
3.   R.  L.  DoBBix,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*W.  P.  DoBSox,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*J.  M.  Duxc.\x,  Toronto,  Ont. 

2.  \'.  H.  Emery,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  \V.  J.  Evans,  Jermvn,  Ont. 

3.   H.  W.  Fai  LIE,  Toronto,  Ont. 

Tum^siolier  Co.,  0/ Canada. 

3.*C.  R.  Ferguson,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.  J.  W.  Fergusox,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
4.*J.  B.  K.  FisiCEX,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  A.  \V.  Fletcher,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*J.  A.  Fletcher.  Fisher  River.  Man. 

Assistant  to  E.  IF.  Robinson,  D.L.S. 

*  Diploma  with   lionours. 
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3.  F.  T.  Fletcher.  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering.   University  of  Toronto. 
3.  T.  R.  C.  Fmnt, 

3.     R.  C.   FOLLETT, 

2.  J.  M.  Foreman,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  \V.  J.  Foster, 
3.*\V.  C.  FouLDS,  Toronto,  Ont. 

Post-Graiudte  Course  in  Engineering,  University  of  Toronto. 

1.  A.  Fraser,  Toronto,  Ont. 

Posl-Gradunte  Course  in  Engineering,  University  of  Toronto. 

2.  J.  Fredin,  London,  Ont. 
I.   M.  M.  Gibson,                                                                            Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

1.  V.  A.  E.  Goad.  Toronto,  Ont- 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  \'.  S.  Goodeve,  Toronto,  Ont 

2.  W.  A.  Gordon,  Sundridge,  Ont. 

3.  V.  F.  Gourlav,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  R.  L.  Greene.  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

5.  J.  H.  Harris,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering.  University  of  Toronto. 

i.*X.  J.  Harvie,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.  J.  G.  Helliwell,  Toronto,  Ont. 

1.  ].  F.  Henderson,  Toronto,  Ont. 

3.  F.  G.  HiCKLiNG,  Wilkinsburg,  Pa. 
2.*P.  E.  Hopkins,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*W.  J.  Irwin,  East  Pittsburg,  Pa. 

Apprenticeship  Course,  Westinghouse  Machine  Co. 

2.  F.  L.  James,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering.  University  of  Toronto. 
I.   H.  C.  Johnston,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.   R.  H.  Johnson,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

1.  J.  C.  Keith,  Toronto,  Omt. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
2.*J.  T.  King,  Toronto,  Ont. 

Fellow  in  Mining  Engineering,  University  of  Toronto. 

3.  G.  A.  Kingstone,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  G.  L.  Kirwin,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toront.r. 


*  Diploma  with  honours. 
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5.   P.  T.  KiKWiN,  -  Toronto   Ont. 

Felloii'  in  Chemistry,  University  of  Toronto. 
I.  S.  Knight,  Toronto.  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.  E.  R.  Lawler,  Toronto,  Ont. 

3.*C.  B.  Le.wer,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.   R.  G.  Lee,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  J.  C.  LoNGSTAFF,  Toronto,  Ont. 

3.  J.  B.  MacDonald,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
2.*A.  D.  M.vcdoxald, 
I.  J.  A.  AI.\c Donald,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  G.  A.  MacDon.\ld,  Toronto,  On;. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*A.  E.  MacGregor,  Wilkeson,  Wash. 

Analyst  cf  Draftsman,  Wilkeson  Coal  cf  Coke  Co. 
I.   E.  G.  MacKay,  Hamilton,  Ont. 

i.*G.  G.  MacLennan,  Px-ince  Albert  ,Sask. 

Assistant  to  A.  St.  Cyr.  D.L.S. 
I.  D.  D.  MacLeod,    ^  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  H.  G.  .\L\cMuRCHY,  Toronto,  Ont. 

Post-Graduate  Course  in  Ebgineering,  University  of  Toronto. 
3.*H.  j.  MacTavish,  Toronto.  Ont. 

.  Post-Graduate  Course  in  Engineering.,  University  of  Toronto. 

4.  T.  C.  McBride,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

1.  S.  G.  McDougall,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*T.  A.  McElhanney,  Kincardine,  Ont. 

i.*P.  J.  McGarry,  Merriton,  Ont. 

3.*L.  R.  McKiM,  Wyecombe,  Ont. 

i.*J.  McNiVEN,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3-  J-  I.  McSloy,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2.  A.  W.  R.  Maisonvtlle,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*N.  Mark,  Cochrane,  Ont. 

Engineering  Staff,  Transcontinental  Ry. 
i.*\V.  H.  Martin,  Toronto,  Ont. 

Post-Graduate  Cours.e  in  Engineering,  University  of  Toronto. 
2.  A.  C.  M.\TTHE\vs.  Toronto,  Ont. 

Post-Graduate  Course  in  E.ngineering,  University  of  Toronto. 

*Diploma  with  honours. 
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3.*H.  O.  Merriman,                                       .  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

i.*D.  J.  Miller,  Orillia,  Out. 

I.  F.  S.  MiLLiGAN,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  P.  E.  Mills,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  J.  P.  Morgan,  Newmarket,  Ont. 

I.  A.  H.  MuNRO,  Toronto,  Ont. 

■  Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  J.  C.  Nash,  Hamilton,  Ont. 

Draftsman,  Canadian  Westinghouse  Co. 

i.*V.  A.  Newhall,  Toronto,  Ont. 

Post-Graduate  Course  in  E':gineenng,  Universi'y  of  Toronto. 

2.*\\\  E.  Newton,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.  F.  T.  NiCHOL,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.  C.  M.  O'Neil,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  C.  E.  Palmer,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  G.  C.  Parker,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.   K.  K.  Pearce,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  C.  H.  Phillips,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

I.   D.  E.  Pye,  Cranbrool^,  B.C. 

I.  W.  S.  Ramsay,  Toronto,  Ont. 

Posi-Graduatc  Course  in  Engineering,  University  'if  Toronto 

3.   B.  J.  Redfern,  Toronto,  Ont- 

I.  H.  C.  Ritchie,  Calgary,  Alta. 

I.  O.  W.  Ross,  Lachine,  P.Q. 

With  Dominion  Bridge  Co. 

1.  W.  F.  B.  RuBiPGE,  IJ'xic,  One. 
3.  W.  C.  Shaw,  Toronto,  Out. 
I  *W.  C.  Smith,  Two  Harbors,  Minn. 

With  D.  h  L  R.R.  Co. 

5.  G.  E.  Smith,  Toronto,  Ont. 

2.  R.  J.  Spry,  Greenwood,  B.C- 

Metallurgist,  The  B.  C.  Capper  Co. 

2.  A.  L.  Steele,  ,   Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

2. *H.  M.  Steven,  .                       Toronto,  Ont- 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

i.*L.  I.  Stone,  Toronto,  Ont. 

*  Diploma   with    honours. 
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3    A.  L.  Sutherland,  Toronto,  Ont. 

Post-Graduale  Course  in  Engineering,  Uviversity  cf  Toronto. 
3.  E.  A.  Ternax,  Toronto,  Ont. 

Engineering  DepL,  Canadian  General  Electric  Co. 
5.*\V.  H.  Thom,  Watford,  Ont. 

3.  H.  B.  Thompson-,  Wellington,  Ont. 

3.  R.  M.  A.  Thompson,  Toronto,  Ont. 

Post-Gradtiate  Course  in  Engineering,  University  of  Toronto. 
2.*C.  G.  TiTLS,  Gowganda,  Ont. 

Manager,  The  Barllett  Mines. 
3.   K.  .M.  vax.Allex,  Toronto,  Ont. 

Post-Graduale  Course  in  Engineering,  University  oj  Toronto. 
I.  L.  T.  X'exxev,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
1.   X.  Wagxer,  Toronto,  Ont. 

Bridge  Dept.,  Canada  Foundry  Co. 

1.  R.   M.  \V.\LKER 

2.  T.  Waltox,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
I.  G.  .\.  Warrington,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 

3.  M.  B.  Watson,  Toronto  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*H.  M.  White,  Chatham,  Ont. 

4.  W.  S.  WiCKENS,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*G.  K.  Williams,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
i.*W.  H.  Wilson,  Toronto,  Ont. 

Fellow  in  Physics,  University  of  Toronto. 
1.  G.  R.  Workman,  Grand  .Mere,  Que. 

With  the  Laurentide  Paper  Co.,  Ltd. 
3.  L.  A.  Wright.  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 
3.*A.  W.  YouELL,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering.  University  of  Toronto. 
I.  W.  S.  VoiXG,  Toronto,  Ont. 

Post-Graduate  Course  in  Engineering,  University  of  Toronto. 


'Diploma  with   honours. 
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